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ABSTRACT 



In this paper, we used the database of the university of Michigan Radio Astronomy Observatory (UMRAO) at three (4.8 GHz, 8.0 
GHZ, and 14.5 GHz) radio frequency to analyze the radio light curves by the power spectral analysis method in search of possible 
periodicity. The analysis results showed that the radio sources display astrophysically meaningful periodicity ranging from 2.2 to 
20.8 years in their light curves at the three frequencies. We also calculated the variability parameters and investigated the correlations 
between the variability parameter and the flux density. For the variability parameters, we found that the parameters at higher frequency 
are higher than those in the lower frequency. In addition, the variability parameters of BL Lacertae objects are larger than those of 
flat-spectrum radio quasars, suggesting that they are more variable than flat spectrum radio quasars. 

Key words. Galaxies: blazars - radio continuum: general-Methods: Data analysis 



1. Introduction 

The nature of the central engine of blazars and other classes of 
active galactic nuclei (AGNs) is still an open problem. Blazars' 
light curves were generated by using the data of their moni- 
toring program, which have yielded very valuable information 
about the mechanisms operating in these sources and impor- 
tant implications for quasar modeling (Fan et al., 1998). In the 
past two decades, optical monitoring program of blazars and 
other classes of AGNs have been conducted extensively by many 
groups around the globe, and blazars were reported to display 
flux variability on diverse time scales ranging from a few min- 
utes to hours, to days, to months, and to even more than 10 years 
(Fan, 2005b). The variability time scale on years gives the long- 
term variation information in the source and an important tool 
predicting other outburst times. 

Radio monitoring programs were carried out at Bologna at 
408 MHz (Bondi et al., 1996), Michigan University at 4.8 GHz, 
8 GHz, 14.5 GHz, and Metsahovi observatory at 22 GHz, 37 
GHz, 87 GHz, ESO site on Cerro La Silla, Chile, at 90 GHz and 
230 GHz (Tornikoski et al., 1996). Using the data of these mon- 
itoring, many groups have investigated the variability properties 
and found that blazars show interesting results. Based on this ra- 
dio data base, Kraus et al. (1999) report that blazars' emission is 
strongly beamed, Lahteenmaki & Valtaoja (1999) estimated the 
radio Doppler factors for a sample of radio sources, Ciaramella 
et al. (2004) investigated the possible periodicity for several se- 
lected objects, and Aller et al. (2003) investigated other variabil- 
ity properties. 

In this paper, we make use of the UMRAO data base to in- 
vestigate the possible periodicity, the variability parameter, and 
the correlation between the source brightness and the variability 



parameter. Section 2 presents the details about periodicity anal- 
ysis method, Sect. 3 variability parameter, Sect. 4, the results of 
the present work, and in sect. 5 our discussions and conclusions 
are given. 



2. Power spectral (Fourier) periodicity analysis 
method and results 

There are many methods of time series data analysis. The fact 
that the astronomical observations are generally not evenly sam- 
pled will put some constraints on the analysis methods. In this 
paper, we used the power spectral analysis to search periodicity 
in the radio light curves of radio sources because it is a powerful 
and familiar method for detecting a periodic signal, and it gives 
some quantitative criteria for the detection of a periodic signal. 

Many attempts at power spectral analysis have been made for 
the case that the data are unevenly spaced in time, the modified 
periodogram was widely used by astronomers (Scargle, 1982; 
Home & Baliunas, 1986), it is based on a least-square regres- 
sion onto the two trial functions, sin(wf) and cos(<x;?)- A superior 
technigue is the date-compensated discrete Fourier transforms 
DCDFT (Ferraz-Mello, 1981; Foster, 1995), a least-square re- 
gression on sin(w?X cos(wf) and constant. The DCDFT is a more 
powerful method than the modified periodogram for unevenly- 
spaced data, so we adopted it to the R light curve as Foster (1995) 
describes. 

The observed data x(tf) can define the data vector 
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\x) = [x(t\),x(t 2 ), ••■,x(fj V )]. 



(1) 
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First, defining the inner product of two funcitons / and g as the 
average value of the product fg over the observation times {?„}, 
we get 



. N 

<f\g) = (jj)J]r(t n )g(t n ). 



(2) 



A subspace are spanned by 3 trial functions (p\(t) = 1 (constant), 
cp2(t) = sin(wf), and 03(f) = cos(wf)- These 3 trial functions 
define a set of trial vectors, 



\<Pa) = [<Pa(tl),<f>a(t2), ■ ■ ■ ,<Pa(tN)], « = 1,2,3. 



(3) 



The data vector \x) can be projected onto the subspace spanned 
by the \<p a ) results in a model vector |y) and a residual vector |©), 



|jc> = ty> + l®>, 

The model vector |y) is defined as 

\y) = 2 Ca I0«> • 



(4) 



(5) 



The c a can be obtained by taking the inner product of each trial 
vector (p a with the data vector x, and we have 



(6) 



which defines the S matrix S a p. Inverting this matrix yields the 
coefficients, 



(7) 



where s 2 is the estimated data variance, and it can be replaced 
by 5 2 . The power level of DCDFT is, 

Px(a>)= ^N[(y\y)-(l\y) 2 ]/s 2 . (8) 

We adopted the false alarm probability, F (Home & 
Baliunas, 1986), to give a quantitative criterion for the detec- 
tion of a periodic signal derived by DCDFT. It was done with 
the following steps. First, the power level of the periodogram is 
normalized by the total variance, 



P N {io) = Px(oj)/6 z 



(9) 



The probability that Pn(coo) is of height z or higher is 
Pr[P^(wo) > z] = e~ z . Suppose that z is the highest peak in 
a periodogram that samples Ni independent frequencies. The 
probability that each independent frequency is smaller than z 
is 1 - e~ z , so the probability that each frequency is lower than 
z is [1 - e 
defined, 



~ Z ] N <. Thus, the false alarm probability (FAP) can be 



F = 1 -[1 -e~ z f> 



(10) 



To compute FAP, we need to know Ni, which is not too difficult 
to obtain by a simple Monte Carlo method. The FAP tells us 
the probability that a peak of height z will occur, assuming that 
the data are pure noise. Consequently, the quantity 1 - F is the 
probability that the data contain a signal. 

For illustration we present the analysis results in Fig. 1 for 
the strong sign of periods in 0605-085 at 8GHz, with the the- 
oretical result obtained using two periods, namely a 7.16-year 
period with an amplitude of 0.582 and a 4.49-year period with 
an amplitude of 0.168, and Fig. 2 for the weakest sign of periods 
in 1040+123 at 8GHz. 
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Fig. 1. The strong sign of periods in 0605-085 at 8GHz. The upper panel 
is for the light curve at 8GHz, while the lower panel is the power spec- 
tral analysis result. 




freq(yr-l) 

Fig. 2. The weakest sign of periods in 1040+123 at 8GHz. The upper 
panel is for the light curve at 8GHz, while the lower panel is the power 
spectral analysis result. 
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Table 1. Periodicity results and the variability parameters of radio galaxies. Designation indicates the name of the source, Freq the frequency in 
units of GHz, Sn the root mean square deviation, the S 2 N is the total variance of data; A - the amplitude, FAP - the false alarm probability of the 
determined possible period, Tms - the determined possible period in units of years, ObT - the time coverage of the light curve in units of years, 
N - the number of data points, VI - VI index, NVA - NVA index, RMSD - RMSD index, ID - source identification (B for BL Lacertae, Q for the 
flat spectrum radio quasar and G for galaxy). The superscript "F" means it is not a physically meaningful period ( FAP > 0.5 or Tms > ObT), and 
the superscript "P" means it is a possible time scale (FAP < 0.5 and |ObT < Tms < ObT). 



Designation 


Freq 
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ObT 


N 
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RMSD 


ID 
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18.5 
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18.5 


101 
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2.3 ±0.1 


18.5 


101 
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Q 
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21.0 


301 
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0.044 


777.7 ±8011.9" 


15.6 
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81.5 ± 118.3"" 


15.2 
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0.93 


0.32 


0.34 


Q 
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6.6+1.0 


15.2 


127 
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0.217 


32.8 ± 18.3 F 


15.5 


219 
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6.6 ±0.6 


15.5 


219 
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1.000 


0.1 ±0.0" 


15.9 


68 
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0.368 
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1.000 


0.1 ±0.0 F 


15.3 


48 


* 


* 


* 
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0.160 


0.115 


1.000 


0.3 ± 0.0 f 


15.4 


59 
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0.126 
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1.000 


0.2 ± 0.0" 


14.2 


54 
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0.182 
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1.000 


0.1 ±0.0 F 


14.0 


40 


0.93 


0.07 


0.18 


G 


0040+517 
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0.106 


0.060 


1.000 


0.3 ± 0.0 f 


14.3 


83 
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0Z34+2Q5 


n-i o 
04 


n oic 
0.oZ5 


i nQT 
1.05 / 


U.UUj 


|C A , 1 (If 

15.0 ±1.0 


a 

1 1 A 


1 nn 
190 










09^4+98S 


oso 

UoU 


1 97S 

1 .Z / J 


1 7^7 
1 . / j / 


n nnn 


17 0+1 % F 

1 / .7 ± 1 . J 


1 J.O 


9 1 7 

Zl / 


07 


U. JO 


^7 
U. J / 




0Z34+Zoj 


1 A S 

145 


1.05Z 


1.555 


U.UUZ 


ly.i + z.j 


1 S Q 

15. o 


Z3o 










noi c i i a ,1 

0235+164 


048 


n o 1 n 

O.ol9 


n ca/" 

0.566 


U.442 


1 n n i 11 
10.0 + 1.3 


i n a 

19.6 


C /I /I 

544 










0235+164 


080 


1.128 


n AAA 

0.666 


U.43Z 


q n i n i 
5. / ± 0.5 


24.7 


n i c 

916 


n no 
0.98 


n c i 

0.51 


n c 1 
0.51 


B 


09^S-u. 1 A4 
UZj Ji~ 10+ 


1 AS 
l+J 


1 909 


O SOA 
U.0U+ 


0.436 


5.8 + 0.3 


9^ S 
Zj. J 


809 
oUZ 










no nn i -i o*n 
050U+4 /U 


n-i o 
04 


n a nn 
0.4 / / 


n coo 
0.582 


0.004 


29.6 + 5.2^ 


O 1 c 

21.5 


TIT 

Z3Z 










nonn i -i o*n 
0500+4 /0 


non 
OoO 


r\ A Z A 

0.454 


0.515 


0.003 


43.9 ± 8.5 F 


OQ A 

ISA 


COT 

5o / 


n aa 
0.96 


n 1 o 
0. lo 


n i n 
0.19 


D 


0^00+470 


14S 


S1 ^ 

U.J 1 J 


SAR 

U. JUO 


0.008 


52.1 + 16.1 F 


90 


418 










nan/; . i no 
0506+102 


n-i o 
04 


n i oq 
0.183 


n i no 
0.198 


0.140 


11.8 + 2.4 


1 O 1 

lo.5 


TC 

ID 










ATA/; . 1 riO 

0306+102 


non 

OoO 


n o -i n 

0.249 


n o 1 h 

0.217 


0.132 


52.1 +26.4 F 


o 1 n 
21.0 


-nn 

430 


n oi 
0.83 


n oc 

0.25 


n ii 

0.27 


Q 






n o a n 
0.Z4V 


n ooc 
0.225 


0.096 


13.5 + 1.7 


o 1 n 
21.0 


/I QA 

430 










0306+109 


145 


0.250 


0.236 


0.134 


12.3 + 1.8 


19.6 


247 










m i c; i -i 1 a 
0315+416 


n-i o 
04 


n 1 m 
0.10/ 


n a^i 
0.06/ 


1.000 


0.2 + 0.0^ 


1 1 n 
15.9 


a n 










0515+410 


non 
OoO 


0.1/1 


n i o-i 
0.1 Z4 


1.000 


0.2 ± 0.0 F 


i /i n 
14.0 


55 


n nn 
O.VO 


n 1 a 
0. 10 


n oo 
0.2Z 


Lr 


0^1 S+41 6 

U J UTt 1 U 


14S 


006 


OSS 

VJ.VJJO 


1.000 


0.3 + 0.0 F 


12.4 


67 










ni 1 a i /i i a 
0310+413 


f\A O 

04 o 


15.505 


1 lO/l 

lo. /Z4 


0.000 


29.6 + 0.6^ 


O 1 c 

21. 5 


565 










m i a , a 1 q 
0316+413 


non 
OoO 


15.954 


1^.21 / 


0.000 


38.2 ± 0.9 F 


oi i 

3Z.Z 


1 -inn 
14V0 


n m 
0.9/ 


n qa 
0.50 


n on 
0.30 


Q 






15.954 


a nAQ 
6.963 


0.423 


9.7 + 0.7 


oi i 

3Z.Z 


1 -inn 
14^0 










0316+413 


145 


11.392 


15.462 


0.000 


38.0 + 2.0 F 


25.2 


761 










0323+022 


048 


0.077 


0.054 


1.000 


0.1 +0.0^ 


13.2 


43 










0323+022 


080 


0.071 


0.046 


1.000 


0.1 +0.0 F 


13.3 


72 


0.83 


0.48 


0.72 


B 


0323+022 


145 


0.044 


0.037 


1.000 


0.1 +0.0 F 


11.6 


32 










0333+321 


048 


0.308 


0.397 


0.001 


927.6 + 4504.4^ 


18.6 


239 










0333+321 


080 


0.370 


0.407 


0.007 


52.1 + 16.1 F 


20.8 


470 


0.96 


0.20 


0.21 


Q 






0.370 


0.421 


0.004 


13.5 + 1.0 


20.8 


470 










0333+321 


145 


0.326 


0.386 


0.003 


13.5 + 1.1 F 


19.3 


351 
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Designation 


Freq 


ST 

On 


A 

A 


Fap 


Tms 


MKT 


XT 
IN 


VI 


"MAM 
IN VA 


KlVlolJ 


1JJ 


n^QA n i n 


U4o 


U.lyo 


n 9 q a 
U.Z50 


U.Z34 


1 n n _i_ 1 a 
1U.U ±1.0 


lo.o 


1 in 

HI 










UJjU Ul7 


DSD 


n 4on 


n 406 


091 


m 4 + f) 7 
lu.t in u. / 


94 S 


491 
L+y 1 


Q4 


1 s 

U. 1J 


\fi 

U.1U 


O 

V 


0^6 01 Q 


1 4S 


D 4^4 


U.+U3 


n nsi 

U.Uo 1 


ll.j ± l.U 


94 fx 


J7 / 










UjjjtjUo 


OAS 
U4o 


z.oj j 




u.uuu 


Q9^ 7 -i_ 9H^ zl^ 


1 9. ^ 

1 O.J 


1 sn 

loU 










VJJJJTJUO 


080 


2.981 


4.076 


0.000 


33.5 + 1.3 F 


29.0 


666 


* 


* 


* 




UjjjtjUo 


1 4^ 


3 397 

.J..JZ / 


zt 1 

+. JOl 


n nnn 
u.uuu 


j / .y ± z.z 


9^ f\ 

Zj.O 


+OZ> 










C\AC\A 1 7A0 
U4U4 + /Do 


O/l 
U4o 


n no7 


n nQ/1 

U.Uo4 


n oqo 


n 1 . n n^ 
U.l ± U.U 


Q Q 
O.O 


34 










U4U4+ /Oo 


UoU 


A IQI 

U.lol 


U.lo/ 


0.945 


0.1 ±0.0 F 


n o 


1 /I 
14 


U.Vo 


n m 
U.U/ 


n on 


Lr 


0404+768 


145 


0.223 


0.178 


1.000 


4.9 ± 2.2 F 


9.1 


34 










U42U-U14 


n<i 
U4o 


0. /OS 


O.SOS 


0.005 


19.2 ± 2.2 f 


1 n n 
19. U 


4/0 










U4ZU-U14 


(Jo (J 


1.01 J 


n noa 
0.9S3 


0.014 


20.7 ± 2.3 F 


Tin 
Z1.9 


n 1 1 
911 


n no 
U.Vo 


n oq 
U.Zj 


n T2 
U.Zj 


r\ 

Q 


U4ZU-U14 


145 


0.982 


0.801 


0.118 


22.4 ± 4.2 F 


21.7 


677 










0422+004 


048 


0.336 


0.426 


0.004 


37.6 ± 10.3 F 


18.6 


146 














0.336 


0.303 


0.412 


6.6 ± 0.8 


18.6 


146 










U4ZZ+UU4 


oco 
UoU 






0.009 1022.1 ±6551. 7 F 




/I AC 
400 


O Q/1 

u.y4 


U.jD 


O ^7 

U.j / 



D 


n ,na . r\r\ a 

0422+004 


145 


0.408 


0.442 


0.015 


43.4 ± 16.2 F 


17.5 


343 










0430+052 


048 


0.706 


0.619 


0.109 


10.4 ± 1.1 


19.1 


470 














0.706 


0.655 


0.062 


4.3 ± 0.2 


19.1 


470 










0430+052 


080 


2.401 


2.713 


0.001 


86.0 ± 19.0 F 


29.2 


1111 


0.97 


0.53 


0.53 


Q 






2.401 


1.567 


0.234 


13.6 ± 1.2 


29.2 


1111 










0430+052 


145 


1.459 


1.392 


0.019 1239.3 ±7850. 1 F 


24.8 


827 














1.459 


1.040 


0.221 


11.8 ± 1.1 


24.8 


827 










0440-003 


048 


0.293 


0.385 


0.042 


8.5 ± 1.6 


1 £ 1 

16.1 


14 










0440-003 


080 


0.292 


0.370 


0.014 


17.9±4.3 F 


16.1 


57 


0.90 


0.23 


0.27 


Q 






0.292 


0.362 


0.022 


8.7 ± 1.1 


16.1 


57 














n 9Q9 
U.ZVZ 


U. jjU 


0.105 


5.4 ± 0.6 


1 A 1 
10.1 


<\7 

J / 














0.292 


n inn 
0.309 


0.262 


3.1+0.2 


1 A 1 

lo. 1 


3 / 














0.292 


0.300 


0.368 


2.6 ± 0.2 


1 £ 1 

16.1 


57 














0.292 


0.298 


0.386 


2.2 ±0.1 


16.1 


57 










U44U-UUj 


1 A Z 

14 j 


0.321 


n /) no 
0.408 


0.034 


8.5 ± 1.4 


1 A Q 

16.3 


2S 










04^4-9^4 

Vf-r Jt Z. Jt 


048 


f) 196 

U. 1 71) 


0.248 


0.400 


2.2 ±0.3 


o.u 


Q 

y 










0454-234 


080 


0.304 


0.361 


0.128 749.2 ± 16092.2 F 


15.0 


25 


0.95 


0.17 


0.27 


Q 


0454-234 


145 


0.386 


0.466 


0.300 


107.1 ±3025.0 F 


2.1 


13 










0458-020 


048 


0.579 


0.584 


0.333 


10.7 ±4. F 


10.8 


75 














0.579 


0.580 


0.354 


4.1 ±0.6 


10.8 


75 














0.579 


0.562 


0.477 


2.8 ±0.3 


10.8 


75 










0458-020 


080 


0.790 


0.903 


0.014 


20.5 ± 4.4 F 


16.1 


212 


0.94 


0.25 


0.26 


Q 


0458-020 


145 


0.683 


0.784 


0.019 


405.0 ±3817.0 F 


8.1 


161 
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Designation 


Frecj 


On 


A 
\ 


Fap 


Tms 


MKT 
WO 1 


IN 


VT 
V 1 


KTVA 
IN V A 


r\ .VI 1 J 


in 
1 u 


nc i o , i £c 
051o+lo5 


A/1 O 

U48 


U. 13/ 


A 1 A A 

U.14U 


a r\i c 
U.U36 


5 /4.5 ± /515.4 


1 I.J 


tit 
312 










AC i o i 1 £C 

0515+165 


AO A 

080 


A 1 A 1 

0.191 


A 1 O 1 

0.181 


A A-7A 

0.070 


A i a nF 

24 .4 + 4. / 


T} A 

23.9 


TOO 

388 


A A/1 

0.94 


AOC 

0.25 


A O^; 

0.26 


Q 


AC i o i 1 £C 

051s+165 


1 A C 

145 


a 1 n 

0.132 


A AAA 

0.099 


a 1 a n 

0.347 


OTC 1 , 1AOO/1 /l/ 7 

835.1 + 10224 .4 


16.7 


477 










0521-365 


048 


0.392 


0.346 


0.559 


920.7 ± 1 6979.0 


18.4 


127 










0521-365 


080 


0.510 


0.529 


0.033 


897.4 ± 7929. 8 f 


17.9 


306 


0.96 


0.08 


0.10 


Q 


0521-365 


145 


0.731 


0.674 


0.194 


64.0 ± 53. 9 F 


19.5 


228 










0528+134 


048 


1.005 


1.054 


0.065 


14.2 ± 2.5'' 


18.4 


173 














1.005 


1.139 


0.021 


7.2 + 0.5 


18.4 


173 














1.005 


1.118 


0.028 


4.8 ± 0.2 


18.4 


173 














1 A AC 

1.005 


a orn 

0.892 


a no 
0.378 


1 1 i A 7 

3.7 + 0.2 


1 O A 
18.4 


173 










0528+134 


080 


1.749 


1.504 


0.131 


12.9 + 1.5 


23.0 


468 


0.97 


0.40 


0.40 


Q 






1.749 


1.256 


0.439 


7.4 + 0.6 


23.0 


468 














1 7/1 Q 


1 ^7Q 

i . jzy 


a i n 
U. 1 13 


A Q -i- n 7 

4.y ± u.z 


7^1 n 
25.0 


A AC 
405 










0525+134 


1 HC 

145 


7 IT) 

2.2/2 


2.323 


0.03 / 


16.5 ± 2. / 


18. 6 


311 














7 777 

2.2/2 


7 C77 

2.5 / / 


0.005 


9 c _i_ n c 
5.5 + 0.5 


15.0 


311 














2.272 




116 

v.l 1U 


S 6 + 4 
D.\J m w.t 


1 R 6 
1 o.u 


^1 1 

jii 














Z.Z / Z 


7 7^9. 
Z.Z75 


U.Ujj 


4. 1 ± u.z 


15.0 


711 










ACTQ OCA 

0525-250 


C\A Q 

045 


A 1 1C 

0.1 15 


A A-7A 
0.0/0 


1 r\nn 
1.000 


1 /i _i_ n 1 ^* 
1.4 ± 0.1 


1 Q 7 
1V.2 


77 
ID 










n^oo 7ca 
Uj25-250 


AQA 

U5U 


n 1 ri/i 
U.104 


n r»9A 
0.050 


0.V55 


A Q _i_ 7 7J 7 
O.V + 2. / 


10.5 


AH 
00 


0.51 


n 1 n 
U. 10 


n 1 q 
o.iy 




UJi_u i. JU 


145 


0.121 


0.067 


1.000 


0.2 ± 0.0 F 


17.0 


80 










Uj 35+4V5 


(\A 9. 
045 


n 1 77 
0. 1 id 


U. 1 74 


n ^.A9 
0.505 


77 1 _i_ 1 7 ^ 

ZZ. 1 ± 1Z.7 


1 A Q 
14.5 


1 1 c 
115 










Uj75+4y5 


050 


u.zzz 


n i 97 
U.15 / 


n aa^ 
0.005 


AA 7 -1- 7A /l^ 7 
44. Z ± Z0.4 


79. n 
25. U 


1 A 1 
141 


n Q7 
yj.y I 


U.U4 


c\ 1 n 
0. 10 




V/ J JO T t7U 


145 


0.221 


0.185 


0.817 


13.5 + 5.1^ 


15.4 


108 










ACC-) . QAQ 

0552+595 


A<1 Q 

045 


0.255 


A DC1 

U.263 


0.65 / 


O A 1 O At 

5.0 ± 2.4 


1 1 A 

11.9 


"7C. 
ID 










0552+595 


aoa 
050 


1 1 T7 
1.12 / 


1.426 


A AA1 
0.001 


1/- A , O CP 

26.9 + 2.5 


OO c. 

25.5 


T7A 
2/4 


a 

0.95 


a m 
0.19 


a on 
0.20 


Q 


0552+595 


1 HC 

145 


1 ACQ 
1.055 


1 OTA 

1.220 


A AAQ 
0.005 


OA A 1 Q 7^ 

20.6 ± 3.2 


1 n 1 
19.1 


77 1 

2/1 














1 .U75 


1 70S 

1 .ZU5 


U.U1U 


1 j. 7 . 1 a^ 

14. Z ±1.U 


10 1 
I7.1 


771 
Z / 1 










A/, AC , /I OA 

000 5 +450 


f\A O 

045 


0.0/ / 


0.040 


1.000 


7 , A C/ 1 

2.5 ± 0.5 


1 A Z 

14.5 


cc 

55 










A/AC , /I OA 

0605+450 


080 


0.174 


0.1 1 1 


1.000 


0.1 ± 0.0 F 


15.9 


52 


0.75 


0.19 


0.25 


G 


a/ac i /I OA 

0605+480 


145 


0.056 


0.033 


1.000 


0.1 ± 0.0 F 


14.3 


51 










A/"AC AOC 

0605-085 


048 


0.349 


0.391 


0.009 


7.3 ± 0.5 


16.1 


347 










0605-085 


080 


0.460 


0.582 


0.001 


7.2 ± 0.2 


24.5 


510 


0.91 


0.17 


0.18 


Q 


UOUJ-Uo J 


1 4S 
147 


U.JOZ 


U.J7J 


fl d77 
U.4 /Z 


9.71 A -+- 1 0Q77 f\ F 

OD 1 .4 ± 1U7 / / .0 


1 A! A! 
IO.O 


4^U 














0.562 


0.705 


0.001 


7.3 ± 0.3 


16.6 


490 










0607-157 


048 


1.233 


1.312 


0.011 


1060.0 + 7037. 1" 


21.2 


483 










0607-157 


080 


2.014 


2.275 


0.002 


123.1 ±54.6 F 


24.3 


820 


0.97 


0.57 


0.57 


Q 






2.014 


1.904 


0.022 


10.9 + 0.6 


24.3 


820 










0607-157 


145 


2.349 


2.625 


0.003 


1001.6 ±4829.6 F 


20.0 


719 














2.349 


2.302 


0.018 


10.4 ± 0.7 


20.0 


719 














2.349 


1.524 


0.421 


6.5 + 0.5 


20.0 


719 
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Designation 


Frecj 


On 


A 
r\ 


Fap 


This 


WO 1 


IN 


VT 
V 1 


NTVA 
IN V/\ 


T?A/T^T3 


in 
1 u 


A"7 1 A i A1C\ 

0/ 10+439 


A/1 Q 

04s 


A AO C 

0.085 


A ACT 


1 AAA 

1.0U0 


A 1 1 A A^* 

0.1 ± 0.0 


1 "2 A 

13.9 


C 1 

31 










r\H 1 A i /IT A 

07 10+439 


AO A 

080 


a m 

0.133 


A AOO 


1 AAA 

1.000 


A 1 1 A A/ 7 

0.3 ± 0.0 


T1 A 

21.9 


c 

58 


A AC 

0.95 


A 1 A 

0.10 


a 1 n 

0.17 


Q 


C\H 1 A i A Q A 

0/10+439 


1 a c 
143 


A AC C 

0.033 


A AQ£ 

U.U36 


1 AAA 

1.0U0 


A O 1 A f\F 

0.2 ± 0.0 


1 /I c 

14.3 


02 










m 11 , or/; 

071 1+356 


A/1 O 

048 


0.127 


A 1 /II 

0.142 


A AC 1 

0.051 


HI 1 f\ . 0"700 1 

711.0 ± 8723.3 


1 A O 

14.2 


1 12 










0711+356 


080 


0.134 


0.087 


1.000 


oat o/i/"oo s~ F" 

805.2 ± 24638.6 


16.1 


111 


0.80 


0.17 


0.22 


Q 


0711+356 


145 


0.060 


0.035 


1.000 


0.1 ± o.o' r 


14.5 


107 










AT 1 <C i H 1 /I 

0/16+ /14 


A/1 O 

04s 


0.213 


A 1 A 1 

U.191 


0.2S3 


1 C A 1 1 

13.0 ± 3.0 


1 O A 
1 1.0 


O 1 A 

219 














0.215 


0.192 


0.275 


9.3 ± 1.4 


17.6 


219 














0.215 


0.187 


0.345 


7.8 ± 1.0 


17.6 


219 














U.Z13 


ft 1QQ 


ft 7ftft 

u.zuu 


s 7 + n s 

3. / ± U.3 


1 7 A 
1 / .0 


91 Q 










AT I/C i 71/1 
0/16+/ 14 


AO A 

OsO 


A QAA 

0.3U0 


A 1 OO 

U.lss 


A AO-7 

0.9s / 


A 1 1 A A F 

4. 1 ± 0.4 


1-70 
1 /.s 


214 


A AC 

0.95 


a a 1 
0.31 


A 1 A 

0.34 


D 
D 


0/ 16+ /14 


145 


0.3/3 


A Q QO 
U.33 / 


A AA*7 
0.09/ 


1/ . Q A^ 

lo.S ± 3.U 


101 
Is.l 


A Q A 

439 
















ft ^74 


ft 14ft 
U. i^+xj 


9.7 +1.1 


18.1 


tJ7 














n ^7S 

U.3 /3 


ft ^ft 


ft 1 1 7 
U. 1 1 / 


C /I _i_ A Q 

3.4 ± U.3 


IS. 1 


43y 










HIT] i £"7A 

0/23+6/9 


A/1 O 

04s 


A AAA 

0.090 


a a in 
U.U4/ 


1 AAA 

1.0U0 


A "7 1 A A/* 
0. / ± U.U 


1 Q A 

13.9 


1 1 c 
1 13 










HTIQ i ATA 

0/23+6/9 


AO A 

OsO 


A 1 A/1 

0.194 


U.121 


1 AAA 

1.0U0 


A 1 1 A A/ 7 
0.1 ± 0.0 


1 "7 C 

1 /.3 


AA 

90 


A OO 


A 1 A 

0.24 


A OA 

0.29 


r\ 

Q 


moo , anr\ 

0723+679 


1 A C 

145 


0.111 


0.068 


1.000 


2.6 ± 0.3 f 


17.4 


115 










0735+178 


048 


0.834 


1.008 


0.002 


12.9 + 0.9^ 


19.2 


362 










c\h i c i no 
0/3j+1 /o 


AO A 

OsO 


A (IT] 

0.923 


A A/1 A 

U.944 


A A 1 1 
0.01 1 


1 C A i 1 iP 

13.0 +1.2 


00 1 
22.1 


0/9 


a ni 
0.9/ 


A Q O 

0.3s 


A 1 A 

0.39 


D 


m o c i no 

0735+178 


145 


1.039 


1.179 


0.003 


13.5 ± 0.9 


21.6 


607 










0754+100 


048 


0.523 


0.542 


0.167 


15.0 + 3. 6 F 


19.2 


100 














A coo 
U.323 


n coo 
U.33S 


A 1 GO 

U. 152 


11 8 -u 3 Q 
ll.o± 2.3 


1 Q 3 

19.2 


1 An 
1UU 














0.523 


0.529 


0.222 


6.6 ± 0.7 


19.2 


100 










f\n c /i i inn 
/54+1 UU 


AO A 

OsO 


A A 1 *7 
O.Ol / 


A AA 1 

U.091 


A A 1 A 
0.014 


1 A A 1 A O 

10.4 ± O.s 


01 1 

21.1 


2ol 


A AC 

0.95 


A QA 
0.30 


A QO 

0.3 / 


1 1 

D 




14s 


ft <sns 


ft K1A. 


ft ftl s 


11 ^ + 1 ft 


















ft AOS 
U.0U3 


ft S7A 
U.52+ 


ft 778 
U.2 / S 


A 8 -1- ft A 
O.S ± U.O 


7ft ^ 
2U.3 


7A^ 
203 










AQA/1 _i_/1 AO 

USU4+499 


A/1 Q 

U4s 


A OQ"7 

U.29 / 


n oc 1 
U.251 


a cao 
U.50 / 


C _i_ A 0/* 

3.6 ± U.s 


1 C "2 
13.3 


1 A/1 
104 












080 


0.469 


0.322 


0.977 


1.0 + 0.0 F 


18.8 


170 


0.87 


0.38 


0.39 


O 


ft8ftzL-i-ZtQQ 


1 4S 


ft c ft7 
U.3UZ 


ft iaa 


ft Q^ft 


1 ^ -t- ft ft/ 7 

1.0 ± U.U 


1 8 7 
IS./ 


1 AA 
lOO 










riQAQini Q 
USUS+U1V 


A/1 8 
U4S 


A OAQ 
U.20V 


mil 
U.21 1 


A OQA 


3 7 -l A O^ 
2. / + U.2 


1 O 3 

19.2 


en 
SU 










0808+019 


080 


0.329 


0.235 


0.998 


2.8 ± 0.2 F 


19.4 


101 


0.94 


0.30 


0.32 


B 


0808+019 


145 


0.312 


0.212 


1.000 


4.5 ± 0.6 f 


19.5 


99 










0809+483 


048 


0.081 


0.064 


1.000 


o.i + o.o'- 


12.4 


38 










0809+483 


080 


0.134 


0.073 


1.000 


0.1 ±0.0 f 


31.4 


68 


0.96 


0.04 


0.13 


Q 


0809+483 


145 


0.085 


0.049 


1.000 


0.1 ±0.0 f 


14.5 


81 










0814+425 


048 


0.436 


0.570 


0.002 


20.6 ± 2.5'' 


19.1 


150 










0814+425 


080 


0.337 


0.377 


0.007 


20.7 ± 2.5 P 


21.9 


407 


0.94 


0.18 


0.19 


B 


0814+425 


145 


0.454 


0.548 


0.004 


19.2 + 2.1 /> 


21.7 


263 
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Designation 


Precj 


On 


A 
r\ 


Pap 


Tins 


v ) 1 


NT 


VT 
V 1 


TWA 
IN V A 


l\ IV 1 . ) u 


in 

1 YJ 


Uolo-IZo 


C\A O 

U4o 


U.Zjo 


U.245 


A OQ"7 

U.zo / 


A 1 C /I 1 it 

915.4 + 1 /lol.j 


1 O 1 

lo.j 


/u 










081 8-198 

uo 10 1XO 




74^ 


0.226 


S19 

U.J ±z 


A4 + 8 1 F 


1Q (S 


Q7 


Q«S 


9(S 


98 


g 


r\Q 1 190 


1*40 


9A8 
U.ZOo 


9SO 

u.zju 


4Q1 


S S -1- 1 A 
0.0 ± l.O 


1 8 1 


QO 










nsoo_i_n/i a 
Uo Zy+U40 


(\A Q 

U4o 


n oa^ 


n ooo 
U.Z /y 


U.4V5 


1 c n -1- a if 
15.U + 4. / 


1 S A 
lo.O 


on 
yu 










aooa 1 a/ia 
UoZy+U4u 


UoU 


a /i /i c 
U.445 


A A OA 

U.4oo 


A AH 

u.Ujj 


1 c n _i_ aP 
15. y + Z.4 


O 1 A 

Zl.U 


1 

lo / 


n Q/i 

u.y4 


n n 
U.jl 


n 10 
U.jZ 



D 


aooa 1 A/iA 
UoZy+U4o 


1 A C 

14 j 


U.4Vo 


U.4 /O 


A OQ 1 

U.Zjl 


1 A O 1 /I OF 

lO.o + 4.Z 


1 n a 

ly.o 


1 ca 
15j 










aoo 1 . c n 

0831+557 


048 


0.159 


0.1 15 


1.000 


A A . A A/ - 

0.4 + 0.0 


13.6 


45 










UOJ 1 TJJ / 


nsn 

UoU 


U. iyj 


n 1 ^o 

U. 1 jZ 


1 nnn 

l.UUU 


A 1 1 A AF 

U. 1 ± U.U 


OA S 
Z+.o 


A 1 
01 


n q^ 


n n^ 

U.Uj 


n 1 a 

U. 14 


K 1 


AOQ 1 1 C C7 

Uoj1+55 / 


145 


A 1 AO 

U.loZ 


0.108 


1 AAA 
l.UUU 


0.2 + 0.0 F 


14. j 


50 










0836+710 


048 


0.207 


0.145 


0.964 


839.4 + 18773.4' 


16.8 


171 










ns^A-i_oi n 

Uo JO+ / 1U 


nsn 

UoU 


n AOQ 


n a^ 1 

U.4J 1 


U. 1Z1 


QQQ A 1 1 1 Q1 7 1 F 

ojo.u ± 1 iyi /.i 


1 A S 
lO.o 


1 1 1 
111 


n Q7 
u.y / 


n on 
u.zu 


n 0^ 

U.ZJ 








n /ion 
U.42V 


a ann 


A A A A 

U.444 


Q O _i_ 1 C 

o.Z + 1.5 


1 A S 
lO.o 


ill 










noi/: 1 Tin 

Uojo+ /1U 


145 


A -IOO 

U.4Zo 


A 1 O A 

U.jo4 


A OCT 

U.Z5 / 


O-IA C 1 11 -1AA 

o4U.5 + 1 14oU.5 


1 A O 

lo.o 


00 1 

ZZ1 














498 


0.444 


Oo" i" 


9.0 +1.0 


16.8 


221 














o aos 

U.4Z0 


o ^sn 
U. joU 


n oso 

U.ZoZ 


J. / ± U.J 


1 A s 
10.0 


00 1 

ZZl 










Uojo+1 jj 


f\A Q 

U4o 


n noo 
U.U92 


U.U /Z 


osc 
U.yo5 


"7 "7 _i_ O it" 
I.I + Z.J 


1 j.y 


SA 

00 










Uojo+1 jj 


AOA 

UoU 


A I/IT 

U.14/ 


n 1 oa 
U.lUo 


O QOO 

u.yyu 


T O _i_ 1 <F 

/.o ±1.5 


on s 
ZU.o 


1 1 

1Z1 


n so 

u.oy 


n 1 n 
U.1U 


A 1C 

U. 15 




nolo , 1 QO 

Uojo+1 jj 


145 


A 1 OA 

U.loU 


A 1 OA 

U.1ZU 


1 AAA 
l.UUU 


1 O 1 A O/ 7 

l.o + U.Z 


10c 
1Z.5 


A A 

49 










0850+581 


048 


0.066 


0.073 


0.152 


1 1 A A . O O 1 > 1 1- 

1 14.4 + 338. 1 


13.9 


54 










ns^n_i_^s 1 


nsn 

UoU 


n 1 aa 

U. 104 


1 m 

U. 1U / 


1 nnn 

l.UUU 


A 1 1 A AF 

U. 1 ± U.U 


1 1. A 
1 J.O 


Al 
4 / 


n sq 
u.oo 


n 1 ^ 
u. 1 J 


n 00 
u.zz 




UojU+joI 


1 <1 C 

145 


a f\nn 


A nCO 

U.U52 


1 AAA 

l.UUU 


T)C O . OCACC AF 

/Z5.J + Z5955.U 


1 A C 

14.5 


0"0 










AO C 1 1 OAO 

U851+Z0Z 


048 


0.904 


1.028 


0.003 


26.7 ± 3.5 


20.1 


604 














Q04 


n aos 
u.ouo 


n aas 


00 + 1 n 
0.0 ± 1 .u 


90 1 
zu. 1 


AOA 
OUH- 










Uoj 1+ZUZ 


AOA 

UoU 


I.joj 


1 1 CQ 

1.15o 


a A/in 
U.U49 


141 i. 3 ± lUOuz.4 


00 

Zo.Z 


AAA 

9oo 


n (V7 

u.y/ 


a n 
U.J / 


An 
U.J / 


i> 






I.jOj 


1 1 QO 


n mA 
U.UjO 


lo.U ±1.0 


OS 
Zo.Z 


QAA 

yoo 














1 TAT 
1.JOJ 


u.yui 


n OAA 
U.ZOO 


V.4 + U.O 


OS 
Zo.Z 


QAA 

yoo 










08^1+909 


145 


1.728 


1.964 


0.002 


22.4 + \.% p 


24.7 


815 










UojV+4 /U 


(\A Q 
U4o 


O 1 

U.15V 


n 1 ^ a 
U.l 50 


n oo 1 
u.y / 1 


14. 1 + / .0 


1 ^ n 
15.U 


50 










UojV+4 /U 


nsn 
UoU 


U. 15U 


n 1 1 o 
U. 1 IZ 


1 nnn 
l.UUU 


110 + J.U 


1 A Q 

10. j 


on 
/U 


n s 1 
U.ol 


n 1 
u. iz 


n 1 s 
U. lo 




0859+470 

v./ .. ' y 1 1 / v./ 


145 


0.117 


0.094 


0.994 


736.8 ± 22479. 3 f 


14.7 


61 










0906+430 


048 


0.107 


0.097 


0.359 


933.4 ± 14570.3'- 


18.7 


166 










0906+430 


080 


0.222 


0.245 


0.025 


983.7 ± 9249.3 F 


19.7 


200 


0.92 


0.15 


0.17 


Q 






0.222 


0.199 


0.289 


14.2 ± 2.9 P 


19.7 


200 










0906+430 


145 


0.216 


0.267 


0.005 


947.4 ± 665 1.9 f 


18.9 


174 










0912+297 


048 


0.059 


0.047 


0.997 


0.1 ±0.0'' 


18.4 


63 










0912+297 


080 


0.103 


0.052 


1.000 


1.3±0.1 F 


18.9 


83 


0.81 


0.34 


0.44 


B 


0912+297 


145 


0.053 


0.037 


1.000 


902.7 ± 29308.9 f 


18.1 


79 
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Designation 


Precj 


on 


A 
\ 


Fap 


Tms 


VJll 1 


1>I 


VT 
V 1 


XTVA 
IN V/\ 






no 1 "7 i A ^0 

(jyl I +4jo 


A/1 O 

U4o 


U.l jl 


o.oy i 


1.000 


0.3 ± 0.0" 


1 A O 

14.2 


j4 










OQl 7+4S8 


080 

uou 


u. i ju 


0Q5 


1.000 


0.1+0.0' 


1 S Q 

1 J.7 


60 
uu 


90 


OS 




V 


OQl 7_i_/LSS 


1 4S 
1+j 


U.UoO 


fl flQl 
U.U7I 


0.333 714.7 ± 14496.6' 


14 ^ 
1H-. j 


J7 












A/1 Q 

U4o 


1 C7A 
1.0 /U 


z.oto 


0.000 


24.3 ± 0.6' 


1 A 
21 .U 


4/0 










oq?3+3Q? 


080 


2.880 


3.782 


0.000 


22.5 ± Q.l p 


31 Q 


J.UUO 


95 


X) 


%1 

U. Ji 


o 

V 


UV2J + jyZ 


14j 


3 i aa 

j. 100 


+ . J70 


0.000 


24.4 ± Q.b p 


9^ A 
2j.U 


OjO 










AOS 1 x^QQ 

UVj i +oyy 


OA 8 
U4o 


n aqa 
u.uvo 


u.ujy 


1.000 


0.1+0.0' 


1 j. 2 


4j 










AQ^l , ftQQ 

\j J ~j 1 TU77 


080 


0.306 


0.219 


1.000 


0.3 ± 0.0 F 


15.9 


38 


0.88 


0.12 


0.20 




HQS 1 -i-AQQ 

Vjyj 1 TU77 


1 4S 


U. 1 jZ 


U.UO J 


1.000 


1.0±0.1 f 


1 4 n 

1*+.U 


s^ 

JJ 










U7j4+jj0 


A/1 Q 

U4o 


a (yti 
U.U / / 


U.Ujo 


1.000 


0.1+0.0' 


lo. / 


oO 










U7J'ttJJU 


080 
uou 


131 


0(S^ 


1.000 


0.3 ± 0.0 F 


24.8 


111 


88 
u.oo 


OfS 
u.uu 


0.12 





00S4+SS6 

U7J t TTJJU 


1 4S 


000 


U.UH-0 


1.000 


0.2 ± 0.0' 


1 8 7 
10./ 


07 
y 1 












OA 8 
U4o 


U. j21 


U.J /o 


0.016 


19.1+4.7' 


14.0 


1 zL1 
141 










00^4+658 


080 


0.431 


0.467 


0.070 


20.5 ± 7.6' 


14.0 


122 


0.96 


0.46 


0.48 


Q 




1 4S 
1+J 


A 9AA 
U.20D 


U.J 1 1 


0.012 588.3 +4944.7' 


1 1 8 
11.0 


1 8^ 

lOJ 










UVj / +22/ 


A/1 Q 
U4o 


A AA7 
U.U02 


U.Ujj 


1.000 


0.1+0.0' 


1 C A 
10. 4 


02 










U7J / TXZ/ / 


080 

uou 


081 

U.UO 1 


038 


1.000 


0.1 ±0.0 F 


10 ? 


78 


77 
u. / / 


70 
u.zu 


n 11 

U.J 1 


Q 


nos7-i_997 

UVJ / +22 / 


1 

14 J 


U.U J 2 


U.UJO 


1.000 


0.1+0.0' 


iy. j 


7Q 










1UUj+ jj 1 


A/1 Q 

U4o 


A AOA 


U.Uj j 


1.000 


0.2 ± 0.0' 


14.2 


jj 










1 003+3S1 


080 


0.131 


0.099 


1.000 


22.2 + 23.1' 


15.8 


51 


0.75 


0.10 


0.19 




V 


IUUjtjj 1 


1 4S 
1+j 


U.UO / 


n oar 

U.U+o 


1.000 


0.1+0.0' 


1 9 8 
1Z.0 


48 










1Uj1+j0 / 


A/1 Q 
U4o 


A AQA 
U.UoU 


U.Uj / 


1.000 


0.4 ± 0.0' 


1 J. / 


J / 










i 03 1 

1UJ 1 TJU / 


080 


1 so 

U. 1 JU 


101 

U. 1W1 


1.000 


2.6 + 0.3' 


1 8 4 


S3 

j j 


7(S 
u. / u 


16 
u. 10 


U.iJ 




1UJ 1 tjO / 


1 A^ 
14 J 


A A7^ 

U.U / J 


U.UJO 


1.000 


0.3 ± 0.0' 


\A "X 
14. j 


j 1 










iuj4-zyj 


AA8 
U4o 


A ^78 
U. j20 


U.Zlo 


1.000 


9.4 ± 3.2' 


1 Q O 

iy.2 


70 

ly 










1034-293 


080 


0.353 


0.208 


1.000 


9.4 ± 3.0' 


21.1 


101 


0.87 


0.20 


0.22 





1 034 903 


1 4S 


483 

U.H-O J 


U.JJ7 


0.999 


9.0 ± 2.6' 


1 8 S 

1 O.J 


83 
j 










1UJO + j2o 


AA8 
U4o 


A 1 H 

U. 1 J J 


U. IZJ 


0.850 


14.0 ± 10.2' 


1 A ^ 

1U. J 


4y 










1Ujo+j2o 


AOA 

UoU 


A TQO 

U.2jj 


U.ZuZ 


0.992 537.9+ 18005.6' 


1 A Q 

lU.o 


A 1 

41 


n 0"2 

u.yj 


U.zo 


U.jj 


/ \ 

Q 


1 \) J OTJiiO 


145 


0.251 


0.314 


0.022 


9.3 ± 2.Q P 


10.8 


51 










1 A/1 A i 1 

1U4U+12j 


A/1 O 

U4o 


A ATO 

U.U ly 


0.040 


1.000 


12.8 + 9.3' 


1 1 
1 j.y 


OA 

y\) 










1 A/l A_i_ 1 OQ 

1U4U+12J 


AQA 

UoU 


A 1 A A 

U.14U 


0.0 / 1 


1.000 738.8 + 26306.2' 


14.0 


1 A £. 
140 


U.oj 


n no 

o.oy 


U. i J 


Q 


1 040+ 1 23 


145 


0.068 


0.058 


0.732 


24.0+ 18.2' 


13.0 


114 










1055+018 


048 


0.250 


0.208 


0.515 


2.6 + 0.1' 


16.5 


200 










1055+018 


080 


0.476 


0.454 


0.041 


26.9 ± 3.6 P 


32.2 


513 


0.97 


0.13 


0.14 


Q 


1055+018 


145 


0.718 


0.670 


0.073 


22.4 ± 4.3' 


21.7 


413 














0.718 


0.560 


0.329 


5.0 + 0.3 


21.7 


413 










1100+772 


048 


0.082 


0.045 


1.000 


0.1+0.0' 


14.2 


69 










1100+772 


080 


0.210 


0.176 


0.997 


10.8 ± 4.9' 


15.9 


46 


0.80 


0.33 


0.41 


B 


1100+772 


145 


0.075 


0.059 


1.000 


0.1+0.0' 


3.0 


14 
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lll^C 1 (TT1 Q tl (Ml 
l-'CSlglld.LlVJll 




On 








ObT 


N 


VI 


NVA 


RMSD 


ID 


1 |A| | OO/I 

1 1U1+ jo4 


r\A o 
045 


A 1 AO 

U. 1U2 


A A/1 A 

U.U49 


1 AAA 
l.UUU 


1 n 1 a 
5.1 + U.J 


1 O A 
15.4 


O A A 

244 










1 1 m i i o a 
1 1U1+jo4 


AOA 

UoU 


A 1 T7 
U. 12/ 


a nto 
U.Uoo 


a nco 


O A 1 1 O/ 7 

o.U ±1.2 


O 1 A 

21. U 


A 1 A 
410 


U.O / 


U. lo 


n 1 n 

u.iy 


1 5 


1101 + ^84 

1 lUlTJ OH - 


14S 


009 
u.uyz 


0S9 


07^ 


S A + f\ F 

J.H- It U.U 


90 
zu.u 


^ns 

J J J 










1 1 97 1 A S 

1 12/-14j 


A/1 

U4o 


A OQA 

u.2yo 


A 97Q 
U.2/V 


A AO 1 

U.UV1 


5L.y + 12. y 


1 /. 5 


QOS 

j2D 














A 9QA 
U.2V0 


A 997 
U.2 / / 


A AQQ 
U.UVo 


o. 7 -l n o 

o. / + u.y 


1 7 1 

1 1.5 


Q9S 

j2j 










1127-145 




SI s 

U.J 1 J 


S01 

U.J71 


001 


1 SfSS 8 + 6199 fi F 

1 JUJ.O X U1Z,Z,.U 


31.3 


044 

7tt 




14. 


n 1 ^ 


O 

V 


1 1 97 IAS 


1 AS 
1+j 


9SQ 


90A 
U.ZU+ 


Q77 
U. J 1 1 


^ A -1- n 1 

± U.l 


9A 9 
ZH-.Z 


S77 

j / / 










1 1 JJT /U4 


A/1 Q. 
U4o 


A AAA 

U.UOO 


A AQ7 
U.Uj / 


1 AAA 
l.UUU 


1 -1- n 1 1 1 
1.5 ± U.l 


1 9 9 
1Z.Z 


OA 

50 










1 1 ^+704 


080 


106 

U. 1UU 


069 
u.uuz. 


1 000 
1 .uuu 


1 + F 

U. 1 31 u.u 


1 8 
10.7 


80 


KJ.JyJ 


u.^.o 


n 4n 

o.^tu 


g 


1 1 JJT /U+ 


1 AS 
14 J 


O OOO 

u.uvu 


n nso 
u.ujy 


1 nno 

1 .UUU 


n 1 -1- n f\f 
U.l ± u.u 


1 P. 1 
lo. 1 


A7 
O / 










1 Ij 1 +00U 


(\A 0. 
U45 


A 1 AQ 

U. lUo 


A AA7 

U.UO / 


1 AAA 

l.UUU 


A 1 -j- A A^ 
U.j ± U.U 


1 7 O 

1 /.y 


A9 
02 










1 i ^7+660 


080 


0.221 


0.1 16 


1.000 


8.5 + 3.1 F 


18.2 


116 


0.96 


0.25 


0.29 


O 
V 


1 1 q7_i_aao 

1 1 J 1 +00U 


1 AS 
1+0 


07 1 
u.u / 1 


O nSA 
U.UjO 


1 nno 
1 .uuu 


1 n n -1- a 1 f 
1U.U ± +. 1 


1 Q 9 
lo.Z 


AA 
+0 










1 1 An i 

1 14/+240 


04 


A 1 A 1 
U. 1U1 


A A~7A 
U.U/U 


1 AAA 

l.UUU 


1 n n 1 10 0^ 
1 Ly ± 12.2 


1 O A 
l5.4 


0"0 










1 14/+24j 


AOA 

OoO 


A 1 QA 
U. 13U 


A 1 A 1 
U.1U1 


a a<i o 
U.942 


OA A 1 1 A O/ 7 

2U.0 ± 1U.2 


1 A A 


1 1 A 

1 lo 


n on 


n 1 £ 
O.lj 


0. 19 




D 


1 14/+24j 


14j 


A AA 1 

U.U91 


A AO A 

U.Uo4 


a con 
U.jjU 


O A 1 1 1 1 oF 

24. j ± 1 l.o 


19.6 


AO 

9o 










1148-001 


048 


0.144 


0.193 


0.005 


20.3 + 9.9 


11.1 


19 










1 i a o aa i 
1 145-UU1 


non 

UoU 


A 1 AQ 

U. lUo 


A 1 1 A 

U.l lo 


A 1 A A 

U. 144 


AQ A _i_ QA S^ 7 

Dj.U ± oU.J 


1 S A 
1 J.O 


QO 

o2 


U.81 


U.Uj 


U. i i 


I \ 


1148-001 


145 


0.125 


0.156 


0.050 


7.9 ± 1.9 P 


11.3 


26 










1156+295 


048 


0.296 


0.206 


0.766 


8.0 ± \2 b 


17.9 


293 












non 
UoU 


A A A/1 
U.4U4 


A 979 
U.2 / 2 


A A 1 A 
U.410 


1 A A -1- 1 9 
1U.4 ± 1.2 


9 1 Q 
21. y 


AQQ 
OjV 


U.V / 




U.Z4 








A AC\A 

U.4U4 


A QOA 
U.320 


A 1 A 1 

U. 141 


Q Q _i_ A 1 
J.J ± U.l 


O 1 A 

21. y 


AQ A 

ojy 














A AC\A 

U.4U4 


a on 1 
U.2V1 


A 9(V7 

u.2y / 


O 1 _i_ A 1 

2. / ± U.l 


O 1 A 

21. y 


AQA 

ujy 










1 1 SA+90S 
i IJUTZ.7J 


1 AS 


SOS 


A^n 


"3A8 


q A + 1 

J.H- It U.l 


1 8 

10.7 


S1 ^ 

j 1 j 














SOS 

U.J7J 


AOS 
u.+uo 


AQ9 


9 7_i_ni 
z. / ± u. 1 


1 8 
I0.7 


S1 % 
jij 










1 1 S7_i_7Q9 
1 1 J /+ 1 5L 


(\A Q. 

U4o 


A 1 1 1 

u. 1 1 1 


A A77 

u.u / / 


1 AAA 

l.UUU 


A 1 -1- A A^ 
U.l ± U.U 


1 A 9 
14.2 


A 1 
01 










1 1 S7+7Q? 


080 


0.227 


0.165 


1.000 


0.2 + 0.0 F 


14.0 


37 


0.92 


0.12 


0.21 




1 1 S7j-7^9 

1 1 J 1 T / JZ 


1 AS 
1+j 


OSA 
U.UOO 


n has 

U.UOj 


1 nno 

1 .UUU 


u.z ± u.u 


1A 1 
1+. J 


so 

jU 










1 1 s_i_qaq 
121 j+ jUj 


A/1 Q. 
U4o 


A A7 1 
U.U / 1 


A A/1 A 
U.U40 


1 AAA 

l.UUU 


11 1. -L- 1 SI* 1 

1 L.J ± J.O 


1 Q 9 


1 9Q 

12j 










1 O 1 ^ 1 QAQ 

121 j+ jUj 


UoU 


a 1 m 
U. 1U / 


A AA 1 

U.U01 


1 AAA 
l.UUU 


A 1 _i_ A A/ 7 
U.l ± U.U 


1 Q A 

ly.O 


1 n 1 
1U1 


U.Oo 


U.1S 


U.Z4 


r> 


121 j+jUj 


1 A Z 

14j 


a mn 

u.u/9 


A AA 1 

U.Uol 


A AOQ 


n a 1 1 


1 A A 
19.0 


C\A 

94 










1 917+09^ 


OAS 


04^ 

U.UH- J 


0A1 

U.UH-1 


1 000 
1 .uuu 


U.J It u.o 


1 

u. 1 


A 
U 










1217+023 


080 


0.099 


0.100 


1.000 


0.1 ±0.1 F 


0.1 


5 


0.63 


0.15 


0.53 


Q 


1217+023 


145 


0.055 


0.054 


1.000 


17.4 ± 827.9 f 


0.4 


13 










1219+285 


048 


0.462 


0.604 


0.002 


933.4 + 4984.F 


18.7 


165 










1219+285 


080 


0.557 


0.740 


0.001 


33.1 ±4.0^ 


20.3 


276 


0.86 


0.39 


0.40 


B 






0.557 


0.476 


0.293 


10.4+1.4 


20.3 


276 










1219+285 


145 


0.566 


0.759 


0.001 


37.7 + 5.5 F 


20.4 


203 














0.566 


0.505 


0.306 


10.0+ 1.4 


20.4 


203 
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Table 1. -Continued 
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Designation 


Prec[ 


On 


A 
\ 


Pap 


Tins 


VJO 1 




VT 
V 1 


XTVA 
IN V/\ 




in 

1 LJ 


1222+216 


A/1 Q 

04s 


A OA 1 

U.201 


A 77A 

0.220 


A A 1 A 

0.914 


O A i 1 At 

LA + 3.4 


1 Q 

1.3 


1 7 

12 










i iii ■ o 1 ^ 
1222+216 


AO A 

080 


A "1 A O 

0.248 


A T7A 

0.279 


A ^£ 1 

0.261 


2.7 ± 1.6 


2.2 


28 


A A£ 

0.96 


A 1 1 

0.11 


a n 
0.22 


Q 


i ■ o 1 
1222+216 


1 A C 

145 


0.345 


A A 1 1 

0.41 1 


a A/i e~ 

0.046 


2.6 ± 0.5 


3.5 


57 










IZZO+ZUO 


A/1 9. 
U4S 


A AQG 

U.USS 


A A^7 

U.U3Z 


1 AAA 


U.2 + U.U 


1 7 Q 

1 /.s 












1225+206 


080 


0.090 


0.052 


1.000 


0.2 + 0.0^ 


19.6 


88 


0.55 


0.23 


0.32 


Q 


1223+2U6 


145 


0.034 


0.020 


1.000 


o4.0 ± 1 IV. / 


19.6 


78 










1226+023 


048 


3.004 


3.623 


0.001 


8.8 ± 0.3 


21.0 


493 










1226+023 


080 


5.603 


3.982 


0.118 


53.1 ± 13.3 


33.8 


1294 


0.97 


0.14 


0.15 


Q 






5.603 


4.060 


0.104 


19.3 ± 1.7 


33.8 


1294 














5.603 


5.591 


0.006 


8.3 ± 0.2 


33.8 


1294 










IZZO+UZJ 


1 A ^ 
14 J 


7 CAT 




A AA1 


s.z + u.z 


7^ A 


7AA 
/OU 










1253-055 


048 


1.631 


1.789 


0.006 


1051.2 ± 6065.5'' 


21.0 


551 










1253-055 


080 


3.690 


4.248 


0.001 


1684.3 + 5795.8 


33.7 


1194 


0.95 


0.27 


0.27 


Q 






3 £QA 


1 1 'XA 
Z. 134 


A "}^7 
U. J 3Z 


i < 1 _i_ i ^ 


7 


1 1 O/l 
1 1 V4 














3.090 


7 A 1 A 
Z.014 


0.4ZO 


1U. 1 ± U. / 


Q "2 7 
33. / 


1 1 A/1 

1 194 














3 Ann 


Z.Z13 


A "2A7 


*7 /i _i_ n q 
/.4 ± U.j 


^2"2 7 
OJ. / 


1 1 A/1 
1 15*4 














3.690 


2.126 


0.357 


5.1 + 0.2 


33.7 


1 194 










i oca 

IZjj-Ujj 


143 


J. OS J 


7^1^ 


u.uuu 


1 OAS zl -i- 083/1 zl^ 7 
1Z40.4 ± Zoj4.4 


ZD.U 


77Q 

/ ly 










1Z34+4 /o 


A/1 Q 
04S 


A A7/1 

U.U /4 


A A^O 

0.03/ 


1 AAA 

1.0U0 


n o _i_ n /V 
U.Z + U.U 


1 A 7 

14. Z 


^7 










1ZD4+4 /6 


ACA 

OoO 


A 1 

0.13.} 


A 1 AA 


1 AAA 
1.0U0 


U.3 ± U.U 


1 /I A 

14. U 


£A 
OU 


A CQ 


AIT 

U. 1 i 


A 1 O 

u. ly 


Lr 


IOC ^ i ,1 7Z 

1Zj4+4 /6 


143 


A A/t 1 

U.U41 


A A77 
U.U2/ 


1 AAA 
1.0U0 


taa o - i onoo/; o"/ 7 
/UU. / ± ZyotSO. 1 


1 /I A 

14. U 


3 / 










i o /~n , 1^1 

1307+121 


048 


0.168 


0.213 


0.016 


22.3 + 6.1 


18.4 


55 










1 JU / + 1Z1 


AQA 

usu 


A OA ^ 

U.Z43 


A QAQ 

U.3UV 


A AA7 

u.uu / 


ZZ.o ± 4.U 


7A 7 
ZU. / 


1 A7 
1UZ 


A QO 

U.SS 


A 77 
U.ZZ 


A 7C 
U.Z3 


D 
D 


13U/+121 


145 


0.232 


0.306 


0.002 


2U.6 + 2.6 


19.6 


108 










i o no . 1 <■» 

1308+326 


048 


0.762 


0.826 


0.008 


19.2 ± 2.2 


20.7 


523 














n 7^7 
u. /oz 


n 7i o 
u. / is 


n A/ic 


11 Q _i_ 1 1 
1 1.0 ± 1.1 


7f1 7 
ZU. / 


^7^ 










1308+326 


080 


0.772 


0.587 


0.115 


Art i . o ^7 P 

22.4 ± 3.7 


22.8 


975 


0.93 


0.29 


0.29 


B 






0.772 


0.569 


0.143 


9.7 ± 0.7 


22.8 


975 














0.772 


0.439 


0.476 


5.9 ± 0.4 


22.8 


975 












145 


7QQ 

O. / 77 


0.744 


098 


Q ^ + A A 


22.7 


782 










1328+307 


048 


0.078 


0.021 


1.000 


8.2 + 2.5" 


19.2 


571 










1328+307 


080 


0.102 


0.074 


0.223 


33.4 ± 8.4 F 


26.9 


741 


0.94 


0.01 


0.04 


Q 


1328+307 


145 


0.091 


0.034 


0.813 


10.4 ± 1.5 F 


24.5 


1273 










1335-127 


048 


0.823 


0.922 


0.009 


8.0 ±0.5 


19.2 


348 










1335-127 


080 


1.208 


1.186 


0.017 


8.2 + 0.4 


24.6 


723 


0.98 


0.26 


0.26 


Q 






1.208 


0.878 


0.238 


5.7 + 0.3 


24.6 


723 










1335-127 


145 


1.461 


1.477 


0.020 


8.0 + 0.4 


23.6 


516 
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Designation 


Frecj 


On 


A 
\ 


Fap 


Tins 


MKT 


IN 


VT 
V 1 


NTVA 
IN V/\ 


l\.lV10l-7 


in 

1 u 


1 1 C A 1 CI 

13j4-1 jZ 


r\A o 
U45 


a in 
U.l Zz 


A 1 CO 

U. 158 


U.330 


A 1 i A A^* 
(J. 1 ± U.U 


3.0 


/: 











1 ^S4_1 S9 


o°,n 

uou 


ft 578 
U.J / o 


7^5 


n ni 

U.U1U 


17. 1 _E J.J 


1 A Q 


49 

t7 


ft 97 

U.7 / 


ft ^9 

U. JZ 


ft ^5 

U.J J 


o 

V 


1 J JH— 1 JZ 


1 4S 
1+j 


n 5 a9 


ft 794 
U. / Z+ 


U.U1U 


J. / ± U.J 


1 A 8 
19. o 


9 1 

Z 1 










1j>jo+0Z+ 


A/1 Q 
U+O 


ft ft77 
U.U / / 


U.U4U 


1 AAA. 
1 .UUU 


ol+. J ± Z lyxjl. 1 


10. 3 


1 CQ 
1 J3 










1 JJO T UZH 


080 


0.129 


0.059 




0.1 + 0.0^ 


19 9 

1 7.Z 


1 58 


ft 9ft 

U.7U 


ft ft9 

U.U7 


ft 1 

U. 1 J 


V 1 


1jjo+0Z+ 


1 A^ 
1+J 


ft n.54 
U.U34 


n noo 

U.UZ9 


1 nnn 

1 .UUU 


U.J ± U.U 


10. J 


1 ^?A 
130 










14UU+ loz 


A-1 Q 
U48 


n aaa 
U.U09 


n ait 
U.U42 


1 AAA 

l.UUU 


1 A i A A^* 

l.U ± U.U 


18. / 


AO 

08 










1 A AA i 1 £T 

14UU+ loz 


AO A 

UoU 


a aoo 
U.U88 


A A/t O 

U.U48 


1 AAA 

l.UUU 


A 1 i A C\F 
U.l ± U.U 


1 A C 
19.9 


AA 
90 


A OO 

U. ;8 


A 1 A 

U. 19 


A OO 

U.Z / 


o 

D 


1 A AA i 1 /iT 

14UU+ loz 


1 A C 
14j 


n r\/i c 
U.U43 


0.026 


1.000 


0.7 ± 0.0 F 


OA A 

ZVA 


CIA 

94 










1 A AO i CO /I 

14UV+JZ4 


A/1 O 

U4o 


U. i9o 


A 1 AA 

{JAZZ 


1 AAA 

i.UUU 


A 1 _i_ A A^* 

U.l ± U.U 


1 A 9 

t4.z 


3U 










1 A A A i C^l A 

1409+524 


080 


0.144 


0.085 


1.000 


r\ <-> , /-\ r\F 

0.2 ± 0.0 


14.0 


52 


0.95 


0.03 


0.15 


G 


1 a f\r\ . c ^ -i 

1409+524 


145 


0.099 


0.069 


1.000 


HI 9 o /"AAA ^> P 

713.8 ± 26000.2 


14.3 


67 










1413+135 


048 


0.174 


0.148 


0.351 


929.6 ± 13084.3'' 


18.6 


250 














0.174 


0.164 


0.143 


8.2 ± 0.9 


18.6 


250 










1413+135 


080 


0.377 


0.377 


0.016 


8.2 ± 0.4 


21.0 


666 


0.95 


0.25 


0.25 


B 






A °77 
V.J 1 1 


A 979 

u.z/z 


n 98 1 
U.zol 


A 8 -i_ n 9 
4.0 + U.Z 


91 n 
Zl.U 


AAA 
OOO 










1 /I 1 1 i 11C 

1413+1 J:) 


1 A C 

145 


a £00 

0.672 


A CAC 

0.625 


A AM 

0.053 


A /l i A O 

9.4 ± 0.8 


loo 

18.8 


CO 1 

521 










1418+546 


048 


0.395 


0.392 


0.049 


961.1 ± 8879. 8 r 


19.2 


334 














0.395 


0.318 


0.349 


9.4 + 1.2 


19.2 


334 










1+1 o+ 0+0 


nan 

UoU 


ft C/l 1 
U.341 


n A5Q 


n 1 1 n 

U. 1 1U 


lUjZ.l ± VjOO.I 


9n a 
zu.o 


C.77 


n qo 
u.yz 


n 9Q 
v.zy 


n ^n 

U.3U 


R 






A 1 

U.341 


A Q O A 

U.389 


A Ai|1 

U. 341 


1 1 1 1 1-1 

1 1. j + 1.4 


OA A 

zU.u 


COT 

3 / / 














A C/1 1 

U.341 


A A 1 A 


AAIO 

U.Zlo 


Z.j + U.l 


OA A 

zU.u 


coo 

3 / / 










1H- 1 OtJ'tU 


1 45 


ft 58Q 

U.J07 


n 57ft 


n n a/l 


QQ7 n + 77S0 1 F 


1 

17.7 


59n 

3ZU 










1458+718 


048 


A 1 C£ 

0.156 


0.131 


0.981 


711.0 ± 20868.1 


14.2 


59 










1 /ICO i TIO 

1458+718 


080 


0.396 


0.443 


0.173 


12.9 ± 2.4 


26.9 


44 


0.95 


0.16 


0.22 


Q 


1 458-1-71 8 

14JOT / lO 


1 45 
1+3 


n 498 

U.^fZo 


n 5 a9 

U. JjZ 


n ri95 

U.UZ3 


1 f. 7 + s n^ 

10. / ± J.U 


14 A 


C 1 
3 1 














A /19Q 

U.4zo 


A /I CA 

U.430 


n 97c 
U.Z/3 


n 9 _i_ A A 

U.z ± U.U 


1 A Q 
14.9 


C 1 

31 










1 CA/1 1 AA 

1 3U4-luO 


A/i o 
U48 


A Q 1 Q 
U.313 


A 1A1 

U.393 


AAIO 

U.Ulz 


OA Till 

z9.z ±11.0 


1 /) A 

14.0 


OA 
10 










1 5D4-KS6 


080 


0.330 


0.396 


0.008 


20.7 + 3.1 p 


21.7 


170 


0.97 


0.11 


0.14 


o 


1504-166 


145 


0.325 


0.382 


0.026 


19.1 ± 5.0 F 


16.4 


99 










1510-089 


048 


0.683 


0.622 


0.084 


12.9 ± 1.6 


20.1 


437 










1510-089 


080 


0.816 


0.596 


0.177 


12.3 ± 1.2 


24.6 


874 


0.93 


0.30 


0.31 


Q 


1510-089 


145 


1.035 


0.948 


0.042 


12.9 ± 1.0 


24.7 


671 










1514+197 


048 


0.169 


0.161 


0.519 


22.3 ± 10.9' 


18.7 


79 










1514+197 


080 


0.206 


0.213 


0.161 


20.7 ± 6.2 P 


20.8 


104 


0.76 


0.37 


0.40 


B 


1514+197 


145 


0.212 


0.240 


0.067 


24.3 ± S.6 F 


19.0 


82 
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Designation 


Freq 


c 

on 


A 

A 


Fap 


Tms 


ALT 

(Jul 


"NT 
IN 


VI 


JN VA 


KMolJ 


LU 


1 CQQ o_ 1 AQ 


OA 9. 
U+o 


n 7^7 

U.ZjZ 


fl 09.A 


n n^n 

U.UjU 


Ay .J ±11./ 


1 9. ^ 
10. J 


1 rn 

IUj 










1 CIO i 1 Ad 

1j3o+14V 


AOA 

OoO 


n q q -i 
0.334 


n q /i q 
0.343 


0.030 


22.4 ± 3.9 F 


T1 A 

21.0 


Q A 1 

3ol 


u.yo 


U.ZZ 


n oq 


D 

r> 






n QQ/i 
0.334 


n qoo 
0.322 


0.064 


10.4 ± 1.0 


7 1 A 

21. o 


QA1 

301 










1 S^8+14Q 

Ijjot LHy 


14S 

±+J 


406 

U.+UU 


44^ 


0.021 


22.3 ± 4A F 


1 Q 6 

1".U 


9S4 

Z JH- 














n AHA 

u.+uo 


n ^a^ 

U. jOj 


0.225 


9.4 ± 1.1 


1 Q A 


9^A 
Zj+ 










1 <A1 i nnc 

1 j43+00j 


n/i o 
04 o 


n om 
0.201 


0.23J 


0.080 


20.5 ± 9.2' 


1 j.U 


A O 

4o 










1 Jt - J TUUJ 


080 


0.194 


0.206 


0.198 


20.6 ± 7.3' 


20.4 


72 


* 


* 


* 




1 J43+UID 


14j 


U. lUo 


n i i.n 
U. 130 


0.032 


17.8 ± 5.3 F 


1 J A 


AC. 
OJ 










i AnA_i_ i nA 
loOo+lOo 


n/1 Q 

04 o 


0.202 


n i Q/i 
0.194 


0.639 600.8 + 14020.7'- 


1 7 f\ 

12.0 


ah 
00 










1 606+ 1 06 

1 UUU i 1 UU 


080 


0.443 


0.450 


0.154 


10.4 ± 1.4 


21.7 


126 


0.97 


0.26 


0.28 


n 
V 


1 AflA-u 1 OA 
10U0+ 1UO 


l+J 


n 79.A 
U.Z5+ 


n ons 

U.ZUo 


1.000 


1.0 ±0.0' 


1A ^ 
1+.J 


7A 










10UV+00U 


(\A Q 
U4o 


n non 
U.U9U 


n nc.7 


1.000 


0.1 ±0.0' 


1 A ^ 
14. J 


A/1 
04 










1 609+660 

1 UU7 T UUU 


080 


0.215 


0.177 


1.000 


3.0 ± 0.5 F 


14.0 


42 


0.83 


0.15 


0.23 




i Ano-i_AAn 
louy+oou 


1 A^. 
1+J 


n n^A 


n n^ 

U.Ujj 


1.000 


0.1 ±0.0' 


ia n 

l + .U 


A1 
01 










1 A 1 1 i 1 AQ 

lol 1+343 


n<i o 
04 


f\ AOQ 

0.oz3 


O.ooO 


0.000 821.6 ±2366.7' 


1 A A 

10.4 


1 ah 
100 










1611 +^un 

1U1 1 i Jt- J 


080 

UOU 


Q^Q 

U.7J7 


1 9Q7 


0.000 


43.6 ± 4.3' 


17.J 


960 


U.7U 




n 37 


o 

V 


1 A1 1 _i_Q./1^. 
lul 1+343 


1 /I < 
14j 


0.942 


1 97T. 
Y.LI 5 


0.000 


29.3 ± 3.6' 


1 A A 
10.4 


777 

ZZ / 










1 A7/1 1 A 

1624+410 


n/1 Q 

04 o 


n i cn 
0.1 jU 


0.1 oO 


0.040 


37.1 ±26.6' 


1 A 7 

14.2 


CO 

JO 










I 674-1-41 6 


080 

UOU 


168 

U. 1UO 


1^8 


0.996 700.1 ±22265.9 f 


14 


S4 


U.0 1 




0.21 


o 

V 


1 A7A_i_A1 A 
10Z+++10 


1 A*\ 
1+J 


n i on 

U. 1ZU 


U. 1 j / 


0.108 


16.7 ±6.8' 


ia n 

l + .U 


jj 










lu33+3oz 


A/1 O 

04 o 


n QO"7 

0.3o / 


n /i on 
0.4o0 


0.003 


17.9 ±2.3' 


1 A A 

lo.o 


OQn 
23U 










1 6^+^89 

lUJJTJOi. 


080 


0.624 


0.621 


0.036 


14.3 ± 1.4 


24.8 


405 


0.95 


0.24 


0.25 


o 


IOjjtjoZ 


1 A 1 ^ 
l+J 


U.J /u 


n AAS 
U.O+o 


0.009 


64.8 ± 24.8' 


9A ^ 
Z+. j 


7QA 










Io34+o2o 


f\A O 

045 


n non 
O.Ooz 


C\ ncn 

O.OjO 


1.000 


1.9 ±0.2' 


14.o 


AQ 

03 










Io34+o2o 


AOA 

OoO 


n i qq 
O.loJ 


n i ta 
O.lzo 


1.000 


0.1 ±0.0' 


1 Q A 

13. o 


A O 

4o 


n o 1 
U.81 


U. 19 


U.20 


Q 


1 AQ A i AOO 

Io34+o2o 


1 A C 

145 


0.049 


0.032 


1.000 


0.1 ±0.0' 


i q n 
13.9 


C c 

JJ 










1 A^.7-i_^7A 
10J / + J /4 


OAS 
U+o 


fl 7AA 
U.Z-++ 


n 7^q 
U.Zj J 


0.304 


115.8 ± 353.1' 


1 J.U 


A1 
01 










1 AQT i 
lo3 /+J /4 


AOA 

OoO 


n qao 
0.362 


n q 1 o 
0.31o 


0.901 


5.9 ± 1.2' 


ICO 

lj.2 


A/1 

04 


U.94 


n oq 


n ot 


Q 


1637+574 


145 


0.403 


0.356 


0.783 


3.9 ±0.5' 


15.1 


83 










1641+399 


048 


1.971 


2.410 


0.001 


18.0 ± \.V 


20.9 


708 










1 ft/11 -i-^QQ 


OSO 
UoU 


9 A6A 
z.ooo 


9 610 
Z.OIU 


0.007 


20.8 ± 1.2 


^ 7 


1 981 

1 Zo 1 


u.yo 


fl 9ft 
U.ZO 


u.zo 








2.666 


2.630 


0.007 


11.3 ±0.4 


33.7 


1281 










1641+399 


145 


2.960 


2.793 


0.026 


20.7 ± 2.3' 


25.0 


752 














2.960 


2.651 


0.044 


10.9 ±0.7 


25.0 


752 










1642+690 


048 


0.197 


0.190 


0.207 


6.6 ± 0.7 


18.3 


155 










1642+690 


080 


0.397 


0.398 


0.056 992.2 ± 9748.6' r 


19.8 


284 


0.88 


0.25 


0.26 


Q 






0.397 


0.347 


0.235 


7.0 ±0.6 


19.8 


284 










1642+690 


145 


0.317 


0.260 


0.382 922.4 ± 12904.2' r 


18.4 


279 
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Designation 


Freq 


<5jv 


A 


Fap 


Tms 


ObT 


N 


VI 


NVA 


RMSD 


ID 


i /ci i mo 

1652+398 


048 


0.150 


0.158 


0.052 


933.4 ± 9878.5 


18.7 


202 














0.150 


0.155 


0.065 


11.8 ± 1.6 


18.7 


202 










1652+398 


080 


0.186 


0.199 


0.012 


1064.2 ± 7297.2^ 


21.3 


440 


0.98 


0.13 


0.15 


B 






n 1 oa 
U. 186 


n i q i 
U.lSl 


A A/1 A 


12. j ± 1.2 


o 1 q 
21.3 


44U 














0.186 


0.146 


0.288 


7.4 ± 0.6 


21.3 


440 










1652+398 


145 


0.151 


0.169 


0.015 


1 AA IT i Ol /|C a/ 7 

1001.3 ± 8145.9 


20.0 


253 














U. 1J 1 


U.1JO 


U.U.30 


118 + 15 
1 I.O It L.J 


90 


9S3 














U. t j t 


U.133 


A OCA 

U.Z30 


A Q -i- n A 
6.5 + U.o 


ZU.U 


ICQ 
Z3 J 










1 / I / + ! /o 


A/1 O 

U48 


A 1 

u. tss 


n i aq 
U.163 


A 0O"7 

U.89 / 


7 A _i_ 1 "2^ 

/.U ±1.3 


1 O -7 

IS. / 


1 j 










17174-17R 

l/l/Tl/O 


uou 


9DQ 


f) 901 


996 


a a + n 7 


21.6 


1 19 

117 


Q9 

U.7Z 


n 97 


o 3D 


g 


1 7 1 7_i_ 1 72 


1 AC. 

143 


n 1 qc. 

U. LyJ 


n i qq 

U. lyy 


u.z3 / 


7fl X fin 


I 7 Q 

I I .y 


OA 

oy 










1 TO 1 i 1 A1 

1 /21+ 343 


A/1 O 

048 


n aco 
0.038 


A A ~3 Q 

0.038 


1 AAA 

1.000 


A O i A A^ 

U.2 ± U.U 


1 A "7 

1U. / 


A A 

49 










1 /21+343 


ao a 
080 


A 1 11 

(J. 122 


A AO A 

0.084 


1 AAA 

1.000 


Q A i A A/ 7 

3.4 ± U.9 


1 A Q 

10.3 


CO 

32 


A HA 

U. ;4 


a oo 
U.22 


A OO 

U.28 


/ 1 
Q 


1 TO 1 i 1 Al 

1 /ZL + Dq-D 


i 


A AC 1 

0.031 


A AQA 

U.U39 


1 AAA 
1.000 


A 1 i A A/ 7 

U. 1 ± U.U 


1 1 A 

11. u 


A A 

49 










1727+502 


048 


0.068 


0.037 


1.000 


0.1 ± O.O' - 


18.7 


75 










1727+502 


080 


0.094 


0.043 


1.000 


982.4 ± 45349. 6 F 


19.6 


109 


0.87 


0.31 


0.47 


B 


1727+502 


145 


0.037 


0.020 


1.000 


0.3 ± O.O 77 


19.4 


85 










1730-130 


048 


1.047 


0.839 


0.413 


10.1 ± 1.4 


21.0 


295 














1 A/1 -7 

1.047 


A ACC 

0.955 


A 1 A O 

0.148 


A 1 i A /I 

6.3 + 0.4 


11 A 

21.0 


1 AC 

295 














1.047 


0.869 


0.326 


5.0 ± 0.3 


21.0 


295 










1730-130 


080 


1.903 


1.782 


0.028 


53.0 ± 12.1 


32.0 


748 


0.96 


0.31 


0.31 


Q 






1.903 


1.444 


0.172 


10.1 ± 0.6 


32.0 


748 














1.903 


1.604 


0.078 


6.3 ± 0.2 


32.0 


748 










1730-130 


145 


2.470 


1.876 


0.31 1 


33.3 ± 10.9 


24.2 


486 














2.470 


1.804 


0.388 


10.1 ± 1.0 


24.2 


486 














Z.4 /U 


1 .yyj 


ft 9H9. 
U.ZUo 


£ i i 

0. 1 ± U.j 


9 A 9 
Z4.Z 


ASA 
4o0 










n,i i Aon 

1741-038 


048 


0.890 


1.179 


0.002 


549.9 ± 3239. 2 r 


11.0 


112 














0.890 


1.088 


0.011 


8.2 ± l.l p 


11.0 


112 










1741-038 


080 


1.139 


1.437 


0.004 


1209.3 ± 8200.4 r 


24.2 


155 


0.96 


0.29 


0.30 


Q 






1.139 


1.478 


0.002 


18.0 ± 1.6 P 


24.2 


155 














1 1 QQ 
1 . Ljy 


1 1 9zL 
1 . 1Z4 


ft 1 AA 


O.J ± U.J 


9 A 9 
Z4.Z 


1 cc 

133 










1741-038 


145 


1.263 


1.413 


0.018 


14.1 ± 3.0 F 


11.6 


219 














1.263 


1.324 


0.047 


5.8 ±0.6 


11.6 


219 










1749+096 


048 


0.582 


0.425 


0.377 


10.4 ± 1.4 


19.2 


500 














0.582 


0.440 


0.308 


6.3 ±0.5 


19.2 


500 










1749+096 


080 


0.970 


0.640 


0.309 


9.0 ±0.9 


19.8 


866 


0.96 


0.38 


0.38 


B 






0.970 


0.738 


0.137 


6.8 ±0.4 


19.8 


866 










1749+096 


145 


1.413 


0.861 


0.536 


3.1 ±0.1 F 


20.4 


713 
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Designation 


Freq 


6 N 


A 


Fap 


Tms 


hut 
(Jul 


JN 


VI 


"VTA 7 A 

JN VA 




IL) 


n/in i on 1 
1 /49+ /Ul 


04 o 


n oo 1 
U.Zol 


n no 
0.3Z3 


0.015 


29.5 + 8.0" 


1 O 1 

lo. / 


1 09. 

1V3 










1749+701 


non 


n n c 

0.335 


n o ac 

0.365 


0.018 


22.3 ± 4.2' 


i n o 

19.2 


ono 

Z9Z 


0.67 


n n 
0.33 


0.35 


B 






0.335 


n am 
0.330 


0.067 


12.3 ± 1.6 


i n o 
19. Z 


ono 

Z9Z 










i 7J.Q_i_701 
1 / t+y-r 1 U 1 


145 


9^9 
U.Z3Z 


94Q 


0.029 950.8 ± 8743.0' 


1 Q 


94^ 










10U5 + /o4 


U4o 


n ^/io 
U.34Z 


n oqo 
O.Z90 


0.329 


11.3 ±2.0 


1 Q 1 
10. 1 


oon 
zzu 














n ^i/io 
U.54Z 


n oqo 
O.Z09 


0.418 


7.8 ± 1.0 


1 Q 1 

10. 1 


oon 
zzu 










1 OWt / OH- 


080 
uou 


40Q 


9 t6 


0.997 


1.4 + 0.1' 


1 9, 
1 o.u 


9^ T 

Z J J 


n Q7 

U.7 / 


1 ^ 


n i s 

U. 1 J 


1 ) 


1 S0^-i-7S4 
1 oUjt / OH- 


145 
1H-3 




O ^6Q 


0.121 


7.0 ± 0.6 


1 52 1 
10. 1 


^81 
301 










1 Gn.7_i_ AQQ 

loU/+09o 


04 o 


n i /i c 
0. 143 


n 1 AT. 
0.143 


0.119 933.5 ± 11424.7' 


1 7 

lo. / 


1 OA 
190 










1 Q/V7 i tno 

Io0/+o9o 


non 
OoO 


n 1 no 
U.19Z 


n i oo 
0. IZo 


0.702 991.5 ± 15563.9' 


i n o 
19.0 


394 




n no 
O.Oo 


n i 1 
0.11 




1 R07+6QR 

1 OU / TU70 


145 


18Q 

U. 1 0" 


195 

U. 1ZJ 


0.879 977.5 ± 18228.0' 


1 Q 6 


9RS 

ZO J 










ion i 

lol /-10Z 


A/1 

04 o 


*7 oon 
/.ZZO 


c. coo 
3.3oo 


1 nnn 

1 .UuU 


n i + n ?'* 


n o 
O.Z 













lol /-10Z 


OoO 


/I AOO 

4.U/Z 


c Aon 
3.0Z9 


ft o^n 
U.Z.3U 


n i -i- n 1 p 
u.z ± U. 1 


n o 
O.Z 


1 A 

14 


* 


* 






ion i /r^) 
lol /-loZ 


1 A C 

143 


OO" OAC 

Z/. /o5 


on ooo 
30. Ill 


1 nnn 

1 .UUU 


U. 1 ± U. 1 


n o 
O.Z 


/ 










1 OOQiCAQ 
1 oZj+jOo 


OAS 
U4o 


n 1 aq 

U. 10? 


O 1 8 1 
U. 101 


U. 1U / 


1 d Q + 4 (V 


1 S Q 

13.7 


1 01 
1U1 










1 ooi i c£o 

1823+565 


080 


n oon 

0.280 


n o co 

0.252 


n 07n 
u.z /u 


T 4- Q S f 

z^f.z ± y.D 


1 H 1 

17.1 


onn 
209 


a n i 

0.91 


n 1 n 
0.19 


A 'I 1 

0.21 


B 


1 OT] i C/CO 

loZ3+5oo 


1 /i c 
143 


n /inn 
0.400 


n /i a c 
0.443 


n ni 
u.uiu 


1 Q 1 + T. A F 


1 o o 
Y 1.1 


OCQ 

Z33 














400 


^61 


n onzi 

U.ZU4 


Q Q _._ 1 1 
O.O ± 1.1 


1 7 7 


9S t 










i ooo i a on 
loZo+4o / 


n/i o 
04 o 


n Q QO 

0.33Z 


n Qno 
0.39Z 


0.042 


i/ti i i nt 1 
14. 1 ± 5. 1 


1 /l c 

14.3 


AO 

OO 










1 OTO i A oo 

lo2o+4o / 


non 
OoO 


n Qnn 
0.390 


n too 
0.39o 




22.5 + 6.1 p 


on o 
30. / 


oc 

/3 


n 

o.yo 


n no 
O.Oo 


A 1 /I 

I). 14 


Q 






^Q0 


0.426 


0.125 


10.9+1.2 


^0 7 


7S 










1 89R-1-ZLS7 

1 O^OT'tO / 


145 


466 


487 


0.130 


10.4 ± 1.3 


94 6 


1 1 9 

1 1Z 










1 9.49 j_4SS 
1 04Z+43 3 


U4o 


O OQO 


O OA^l 
U.U03 


1.000 


0.1 ±0.0' 


1 A S 
14.3 


RA 
34 










1 R49+4SS 


080 


197 


077 

u.u / / 


1.000 


0.2 ± 0.0 F 


1 J.O 


50 


n 04. 


0Q 
yj.yjy 


1 8 

U.IO 


V T 


1 849+455 


145 
1H-3 


05Q 


0^6 


1.000 


0.3 ± 0.0' 


14 ^ 


69 
oz 










1 0/1 S_i_7Q7 
1 043 + / y 1 


n/i o 
U4o 


H 1 77 
U. 1 / / 


n i ao 
0.100 


0.596 


7.3 ± 1.6' 


1 /I 7 
14. / 


7 1 
/ 1 










1 84S+797 
± -J i / y i 


080 


0.359 


0.328 


0.645 


10.4 ±2.1' 


21.6 


87 


0.91 


0.12 


0.16 


G 


1 S45-I-7Q7 


IAS 

no 


O 950 


911 
u.z i i 


0.707 


8.2 ± 1.2' 


91 6 
Zl .o 


1 ^0 
13U 










1901+519 


n/i o 
U4o 


n oA/i 
U.Z04 


n ^no 
0.500 


0.016 


15.8 ±2.8' 


1 A /I 
10.4 


1 S7 
13 / 










1 nn i i 'Jin 

1901+519 


non 
OoO 


n oqo 
0.Z3Z 


n o/io 
0.Z4Z 


0.041 


20.7 ± 3.4' 


O/l o 

Z4.0 


O/IO 

Z4Z 


n qc 


n 1 o 
0. 1Z 


n i ^ 


Q 


1 nn i i 1 1 n 
1901+519 


143 


n 1 An 
0.1 09 


0.131 


0.851 


4.1 ±0.4' 


1 A C 

10.5 


1 cn 
159 










1 yzi-z;? J 


048 

UH-0 


9 Q77 


^ 485 


0.005 


22.3 ±3.1' 


1Q Q 

vy.y 


^H9 

JOZ 










1921-293 


080 


3.510 


3.478 


0.017 


52.5 ± 14.6' 


24.6 


677 


0.97 


0.30 


0.30 


Q 


1921-293 


145 


4.213 


3.750 


0.069 


22.4 ± 3.7' 


23.3 


585 










1928+738 


048 


0.326 


0.399 


0.004 


116.6 ± 110.1' 


15.7 


233 










1928+738 


080 


0.470 


0.555 


0.009 


29.5 ±7.5' 


18.1 


197 


0.96 


0.13 


0.15 


Q 






0.470 


0.402 


0.437 


8.2 ± 1.2 


18.1 


197 










1928+738 


145 


0.519 


0.579 


0.009 


62.9 ± 35.7' 


15.5 


349 














0.519 


0.421 


0.313 


7.7 ± 1.0 


15.5 


349 
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Designation 


Frec[ 


on 


A 
t\ 


Fa.p 


Tibs 


\Jl) 1 


IN 


VT 
V 1 


MA/A 
IN V/\ 




m 


1 AQA i AA^ 

lyoV+ouo 


A/1 O 

U4o 


O AAA 

u.uoo 


n n/i a 
U.U44 


1 AAA 


A 1 _i_ A A^* 

U.o ± U.U 


1 1 A 

Ij.y 


00 










J. 7J7TUUJ 


080 
uou 


0.142 


101 


1 000 
1 .uuu 


IJ.t I lu.J 


1 ^ 7 


si 

O 1 


Q4 


13 


0.21 




17J7TUID 


1 4S 

14 J 


041 
U.U41 


096 

u.uzo 


1 000 
1 .uuu 


01 +no f 

U. 1 ± U.U 


14 ^ 
14.0 


00 










1 OS 1 _i_/IQ8 
LyD 1+4VO 


O/l 8 

U4o 


O OSA 
U.U00 


O 0^17 
U.U0 / 


1 ooo 

i.uuu 


O 1 _i_ A A^ 
U.l ± U.U 


1 1 A 

1 l.U 


/17 
4 / 










1QS1 +4Q8, 

1 7J 1 Tt70 


080 


1^1 


0.083 


1.000 


5.5 + 2.5 F 


11.1 


52 


0.71 


48 


U.JO 


O 
V 


1 QS 1 _i_AQS 

ivo n-4yo 


1 AS 
140 


O OAA 
U.U44 


O 078 
U.UZo 


1 ooo 
1 .uuu 


a a i a r\F 
U.O ± U.U 


I 1 o 

I I .u 


AS 
40 










1 QS/1 _I_S 1 

iyo4+ j i o 


O/l 8 
U4o 


O 1 87 
U. lo / 


O 1 A8 
U. 100 


O 88^1 
U.ooO 


7/17 O -i- 1 Q8A/I W 
/4 /.U ± 1VO04.0 


1 S O 

10. u 


SG 
Oo 










1954+513 


080 


0.338 


0.393 


0.052 


70 6 + 6 1 F 


19.0 


71 


0.92 


0.21 


0.24 





1 QSA_i_S 1 ^ 


1 AS 
140 


O 70S 

u.zyo 


O 'X'Xfk 


O OSA 
U.Uo4 


77 a _i_ Q 7^ 
ZZ.O ± O.Z 


1 8 8 

lo.o 


A7 
OZ 










OHA^ i /1AQ 

ZUUO+4U0 


U4o 


A "7 1 A 


A AAA 


A AA1 


OA A _i_ 7 Cii* 

Zo.O ± Z.y 


1 O A 

lo.4 


O/l 7 

Z4Z 










7O0S+4n^ 


oso 

uou 


Q91 


1 OSS 


00^ 

U.UU O 


1171 4 + A 1 87 Af 

11 / 1 .*+ ZL. U10/.4 


9^ 4 

Z.O.H- 


S79 


QR 
u.70 




?? 


O 


700S-i-40^ 
ZUUO tM'Uj 


1 AS 
14 J 


77 1 
u. / Z 1 


O Q1 S 
\).y i j 


O 001 
U.UU1 


1 1 88 ^ -i- 49SQ 8^ 
1 loo J ± H-Zo".o 


9^ 8 
ZO.O 


S 1 7 

01/ 










ZUU 1 -r 1 1 1 


O/l 8 
U4o 


O /IOO 
U.4UV 




O A77 

u.ozz 


J. / ± U.O 


1 A A 

10. u 


1 8A 
150 










7007+777 


080 


0.432 


0.358 


0.407 


2.9 + 0.1 


17.9 


252 


0.95 


0.23 


0.24 


B 


0007-1.777 
ZUU 1+ I 1 1 


1 AS 
14 J 


O AAQ 
U.04V 


O A9 1 
U.OZ1 


O OS8 
U.UOo 


17 8-1-1 8^ 
IZ.o ± 1 .o 


1 A 7 
10. / 


^QS 

0!?0 










7A1 /I _i_Q70 

ZU14+ J /U 


O/l Q 
U4o 


O /I7/I 
U.4/4 


A ?OC 

U.oVo 


O 07Q 

U.Uzo 


11 7 _i_ 7 

Ll.Z ± Z.y 


1 1 O 
1 l.U 


A A 

44 










7014+^70 


080 


0.135 


0.083 


1.000 


0.4 ± 0.0^ 


15.3 


56 


* 


* 


* 




901 4-1-^70 

ZU 1 TT /U 


1 4S 
14 J 


OSS 
U.UoO 


OS6 

u.uoo 


1 000 
1 .uuu 


768 4 -i- ^0^71 
/Oo.4 ± j\Jj 1 1.7 


1 S 4 
10.4 


64 
04 










7070_i_A 1 A 
ZUZU+014 


O/l 8 
U4o 


O 1 78 

U. 1 to 


O 7^10 

u.zou 


A AOO 
U.UU y 


77Q A -u 70AS 


1 A S 
14.0 


SA 
00 












080 


0.433 


0.556 


0.012 


S7 s + 7^ 6 F 


24.7 


52 


0.93 


0.14 


0.20 




7070-i-A 1 A 
ZUZU+014 


1 AS 
14 J 


o ^ss 


O AAA 
U.404 


O 0^9 
U.UOZ 


7 1 A O -i- Q 1 AA C\F 
1 14. U ± VIOO.U 


1A 1. 
14.0 


A^ 
00 










2032+107 


048 


0.149 


0.095 


1.000 


12.9 ± 7.7 


18.4 


59 










2032+107 


AO A 

080 


A 11 1 

O.zl 1 


0.143 


1 AAA 

1.000 


0.2 ± 0.0 


OA C 

20.0 


97 


A A 1 

0.91 


A 1 A 

0.30 


A 11 

0.33 


B 


ZUjZ+ 1U / 


1 4S 
14 J 


999 
u.zzz 


149 

U. 1H-Z 


1 ooo 

l.UUU 


U. 1 ± U.U 


17 1 
1 / . 1 


68 
Oo 










203 /+421 


A/1 O 

048 


0.604 


0.544 


1 AAA 

1.000 


A 1 i A 1 t 

0.1 ± 0.1 


A O 

0.2 


9 










lAn i ni 
203 /+421 


080 


0.315 


0.239 


1.000 


0.1 ± 0.1 f 


0.2 


12 










2037+421 


145 


0.399 


0.320 


1.000 


0.1 ± 0.0 f 


0.3 


15 










2121+053 


048 


1.166 


1.224 


0.060 


6.8 ± 0.6 


18.5 


185 










2121+053 


080 


1.337 


1.520 


0.003 


6.8 ± 0.2 


22.8 


590 


0.97 


0.48 


0.48 


Q 


2121+053 


145 


1.071 


1.129 


0.021 


7.0 ± 0.4 


20.1 


349 














1.071 


0.907 


0.228 


4.9 ± 0.3 


20.1 


349 










2131-021 


048 


0.558 


0.664 


0.023 


933.4 ± 10301.7'' 


18.7 


94 














a 

0.035 


A A 1 7 

U.Olz 


A AOC 

U.UoO 


1 7 A _i_ O <P 

LZ.y ± Z.j 


1 O H 
16. / 


O/l 

y4 














0.558 


0.623 


0.066 


9.7 ± 1.3 


18.7 


94 










2131-021 


080 


0.734 


0.685 


0.144 


29.7 ± 8.6 F 


24.1 


261 


0.97 


0.32 


0.32 


B 






0.734 


0.842 


0.009 


9.7 + 0.6 


24.1 


261 














0.734 


0.724 


0.078 


6.3 + 0.4 


24.1 


261 










2131-021 


145 


0.685 


0.668 


0.082 


948.5 ± 9967.8 f 


19.0 


278 














0.685 


0.864 


0.002 


10.0 + 0.5 


19.0 


278 














0.685 


0.662 


0.090 


5.9 + 0.4 


19.0 


278 
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Designation 


Prec[ 


On 


A 

r\ 


Fa.p 


This 


kJD 1 


NT 
IN 


VT 
V 1 


MVA 
IN \ t\ 




1 LJ 


o 1 i a i aa/1 
Zl J4+UU4 


A/1 

U4S 


A CO 1 

U.3Z1 


U.60U 


A AA1 

U.UU1 


oa a _i_ 1 al* 

ZU.o ± i.y 


i n z 


O/l A 

Z44 










9 i ia _l an/1 
Zl J4+UU4 


non 

usu 


U.940 


1 1 QC 

1.15-0 


A AAA 

u.uuu 


CA 1 _i_ 1 A 1 f 
00.0 ± 10. 1 


1 1 H 
jl. / 


AOQ 

OUj 


n qo 


O 1 O 

U. 1U 


O 1 1 

U.l 1 




Zl J4+UU4 


1 A ^ 

143 


o cqq 
U.3oo 


O CA/1 

U.304 


n c\aa 
U.U44 


IZlo.o ± 1U1U3.U 


9/1 A 


An A 
4/4 










ZL jDt 141 


U4o 


U.Z40 


o ^9zi 

U. JZ4 


n m 9 

U.U1Z 


coo A _i_ ^.A^A ^ 
JZZ.O ± jDjO.j 


1U. J 


3A 
JO 










Hi/; , 1/11 

Zl jo+ 141 


non 
OoO 


n crn 
U.3UZ 


U.63Z 


A A 1 1 

0.01 1 


ZU. / ± 4.Z 


o 1 n 
Zl.U 


/in 
49 


n on 
U.B9 


A OT 
U.Z/ 


n 1 1 
U.jl 


Q 


O 1 Q A i 1-11 

21 j6+ 141 


143 


U.394 


n a no 
U.49Z 


a nn 
U.UZZ 


A A i 1 O/ 3 

9.U ± 1.5 


1 1 n 
ll.U 


CA 

3U 












OAS 


1 9AO 
1 .zou 


1 7^3 

l./Jj 


o ooo 
u.uuu 


jj.U ± Z.H- 


1 S 9 
1 0.Z 


9zL9 










Z143+U6/ 


non 


O mn 
Z.U/U 


1 O -1 1 

Z.o41 


A AAA 

u.uuu 


11 c 1 1 1 f 

JJ.3 ± 1.1 


j 1.3 


n a a 
/4U 


n m 
0.9/ 


A 1 O 
U.JO 


A Q O 
U.JO 


Q 






o r\nr\ 
Z.U/U 


1 ceo 


a i on 
U.lo/ 


1 A 1 i A A 
1U. 1 ± U.O 


jl.3 


T/1 A 

/4U 










Z143+U6/ 


1 A C 

143 


1.639 


1 ri-i /i 
1.944 


a nm 
U.UUZ 


1 AA 1 Q i /|C/in if 

1UU1.J ± 4349.1 


on n 
ZU.U 


A1 /I 

614 














1 6SQ 

1 .UJ7 


1 9Q0 


U. 1 7J 


o.j in u. / 


90 


614 










Zl J J + J 1 1 


U4o 


U.Zj J 


U. 1 Jo 


1 ooo 
1 .UUU 


A 1 1 A (\t 

U. 1 ± U.U 


14. J 


49 










O 1 Zl i QT7 

21 3j+ J / 1 


non 
UoU 


U.143 


n 1 no 
U. 1UZ 


1 AAA 

l.UUU 


A 1 _i_ A A^ 

U.J ± U.U 


1 /I A 

14. U 


33 


n on 


A 1 A 

U. 14 


A O 1 

U.Z1 


O 


Z, 1 J JT J / / 


145 


0.053 


0.030 


1.000 


u. i m u.u 


14.3 


60 










TK^ 1 ^ O 

21 33-1 3Z 


r\A o 
U4S 


n cm 
U.3UZ 


n Ann 
U.6UU 


A AQO 

U.Ujo 


OA A _i_ 1 A 1 b 

Zo.o ± 1U.1 


i o n 
lo. / 


A "3 
OJ 










Tiff 1 CO 


non 


U.J /I 


n tic 
U.613 


a 

U.Uj3 


on c i o nF 
Z9.3 ± 0. / 


1 A O 
19. 


OAA 

ZU6 


n n/t 
U.94 


n oa 
U.Zo 


A 0*7 
U.Z/ 


Q 


Z133-13Z 


1 /I c 

145 


A /I *7 1 

0.471 


A A OA 

0.480 


A 1 "70 

0.172 


A1 C i 1 A AF 

43.6 ± jU.U 


i a n 

19.0 


11/1 

1 14 














0.471 


a /in/: 

0.496 


A 1 1 C 

0.116 


C O i A A 

j.j ± 0.4 


i a n 

19.0 


1 14 










2155-304 


048 


0.127 


0.081 


1.000 


0.3 ± 0.0 


18.4 


70 










2155-304 


080 


0.153 


0.082 


1.000 


119.5 + 525. F 


18.7 


140 


0.76 


0.34 


0.40 


B 


2155-304 


145 


0.114 


0.081 


0.975 


22.3 ± 12.0 F 


19.4 


148 










2200+420 


048 


1.592 


1.419 


0.047 


1064.1 ± 8017.8'* 


21.3 


741 














1.592 


1.532 


0.021 


7.8 ± 0.4 


21.3 


741 














1.592 


0.995 


0.471 


3.9 ± 0.2 


21.3 


741 










2200+420 


080 


2.292 


1.781 


0.072 


52.9 ± 13. 2^ 


30.9 


1208 


0.95 


0.50 


0.51 


B 






2.292 


1.180 


0.496 


9.1 ± 0.7 


30.9 


1208 














2.292 


1.342 


0.332 


6.8 ± 0.3 


30.9 


1208 














9 9Q9 


1 ^9zl 
1 . JZ4 


o i so 

U. Loy 


q o _i_ n i 
j.o ± U. 1 


ju.y 


1 90S 
IZUo 










2200+420 


145 


2.117 


1.579 


0.118 


7.8 ±0.4 


24.7 


1051 














2.117 


1.280 


0.350 


3.9 + 0.1 


24.7 


1051 










2202+315 


048 


0.584 


0.629 


0.062 


5.9 + 0.5 


17.1 


142 










2202+315 


080 


1.071 


1.267 


0.004 


15.0 ± 1.3 P 


20.8 


321 


0.97 


0.32 


0.33 


Q 






1.071 


0.960 


0.158 


6.3 ± 0.4 


20.8 


321 










2202+315 


145 


1.053 


1.246 


0.008 


16.8 ± 2.6 f 


16.3 


212 














1.053 


0.873 


0.490 


5.8 + 0.6 


16.3 


212 
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Designation 


Freq 


On 


A 


Fap 


Tms 


nuT 




VI 


JN VA 




TT"~\ 

IL) 


2223-052 


048 


0.764 


0.784 


0.025 


17.9 ± 2.7 r 


19.0 


406 














U. /04 


o son 

U.3VU 


U.334 


/ . J ± U.o 


i q n 


4UO 










Zzzj-Ujz 


UoU 


1.333 


1 17? 

1.1/3 


n n*;n 
U.UoU 


OA Q _i_ Q A/ 3 


31.0 


000 


n o£ 


n o£ 
U.zO 


n 77 
U.z/ 








1. 333 


1 1 /I "3 

1.143 


n n77 
U.U / / 


n o _i_ n q 
/.Z ± U.J 


31.0 


ooo 










Zzzj-Ujz 


143 


1 £Q7 


1 onn 
l.zUU 


n toc 
U.Z83 


ly.Z + 4.Z 


i n ^ 

iy.3 


Ano 
oUz 














1.0 Jz 


1 /ion 
1.4ZU 


n no7 
U.Uoz 


A C _i_ C\ A 

u.J ± U.4 


i n ^ 

iy.3 


Ano 
OUz 










lion i oni 

zzzy+ j91 


048 


0.104 


0.072 


1.000 


0.2 ± 0.0 


14.5 


55 










ZZZV+ Jy 1 


nsn 

UoU 


U. 1U4 


U.U / o 


i nnn 

1 .UUU 


fi I , D (\F 
U. 1 ± U.U 


i a n 

14. U 


^n 

3U 


n q i 

U.ol 


n 1 9 
u. 1Z 


n 9n 

U.ZU 


V 1 


zzz9+ j91 


1 A C 

143 


0.031 


n no 1 
U.Uzl 


i nnn 
1.0UU 


U.z + U.U 


1 A 1 

14.3 


ol 










2230+114 


048 


0.344 


0.333 


0.077 


882.2 ± 8977. 2 r 


17.6 


305 










OT^fl-L 11/1 

ZZJU+ 1 14 


UoU 


n ^ 1 n 
U.3 1U 




U.Uzy 


-2-7 n i 7 n/ 7 
J /.V + /.V 


7/1 7 

24. / 


C7 1 
OZ1 


n oq 
V.yo 


r\ i A 

U. 14 


U. 14 








0.510 


0.376 


0.182 


8.2 ± 0.5 


24.7 


821 










T)ori .11/1 

ZzjU+1 14 


1 A Z 

143 


n Ten 

u. /sy 


U.S13 


n nn£ 
O.OUo 


y /4.U ± 3Z04.3 


i n c 
19.3 


7no 
/Uo 














0.759 


0.619 


0.111 


8.5 ± 0.7 


19.5 


708 














U. /39 


n /i oq 
U.4o3 


U.4o3 


a 1 i n 1 
4.1 ± U.Z 


i n c 
19.3 


7no 
/Uo 










2243+394 


048 


0.115 


0.081 


1.000 


0.8 ± 0.0 f 


14.5 


45 










2243+394 


080 


0.135 


0.096 


1.000 


0.2 ± 0.0^ 


13.6 


53 


0.87 


0.06 


0.16 


G 


2243+394 


145 


0.057 


0.036 


1.000 


1.0 ± 0.1 F 


14.3 


56 










22M+ 1 jo 


048 


2.301 


1.598 


0.426 


12.3 ± 1.8 


20.9 


CCA 

jj4 














2.301 


2.428 


0.010 


6.2 ± 0.2 


20.9 


554 










2251 + 158 


080 


3.933 


2.466 


0.261 


1637.1 ± 16086.2^ 


32.7 


1175 


0.97 


0.31 


0.31 


Q 








Z.3U1 


U.243 


1 J.D +1.1 


T7 7 
3z. / 


1 1 H 1 ^ 
1 1 / J 














3.933 


3.0/0 


n n 1 a 
U.U14 


0. / + U.l 


Q7 7 
32. / 


1 1 / J 














i.yji 


7 /i i o 
Z.41V 


n Tea 
U.Z83 


/i a _i_ /i 1 
4.0 + U.l 


-37 7 

3z. / 


1 1 / J 










99S1 + 1 


ids 


2.767 


1 .ou^t 


97^ 
u.z / .? 


1 1.8 + 1.1 


25.2 


OO J 














9 767 

z. /o/ 


9 Sill 
z.o / / 


n nnA 
u.uuo 


O.J ± u.z 


z O.Z 


OoJ 










oo^/i _i_rr7/i 
ZZJ4+U /4 


U4o 


n i 7Q 
U.lzy 


U. loo 


n 77^ 
U.z/3 


Ij.U + J. J 


1 7 ^ 

1 /.3 


4/ 












UOU 


U. 1 Jt 


U.U7U 


1 .UUU 


U.7 _r o.z 


17.U 


70 


n 

v.yo 


n 9^ 

U.ZJ 


n ^1 

U.O 1 


R 


oo^/i _i_rr7/i 
ZZJ4+U /4 


1 A S 

143 


n i 7Q 
u. izy 


n no 
U. Izo 


n Q7Q 
U.3 ly 


10. o + J.O 


1 Q ^ 

1V.3 


ly 










Zjjj+UjI 


f\A 

U4o 


U.Uo3 


n n< c 
U.U3S 


1 nnn 
l.UUU 


U.4 + U.U 


1 O 7 

lo. / 


A 

4o 










Z,»? JJT V/ J 1 


080 


0.1 18 


0.068 


1.000 


0.1 + 0.0^ 


19.4 


65 


0.75 


0.22 


0.32 


Q 


2335+031 


145 


0.041 


0.026 


1.000 


0.1+0.0^ 


18.1 


56 










2345-167 


048 


0.438 


0.425 


0.508 


61.7 + 129.8^ 


12.4 


70 










2345-167 


080 


0.510 


0.440 


0.805 


37.7 + 31.6 F 


20.3 


92 


0.96 


0.21 


0.24 


Q 


2345-167 


145 


0.391 


0.509 


0.018 


1.8 + 0.1 


9.4 


32 










2351+456 


048 


0.154 


0.165 


0.083 


11.8+1.9 


18.9 


129 










2351+456 


080 


0.179 


0.124 


1.000 


984.2 + 35121.0 /7 


19.7 


69 


0.95 


0.14 


0.19 


Q 


2351+456 


145 


0.190 


0.150 


0.821 


13.5 ±3.8^ 


19.6 


149 
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3. Variability parameter 

Blazars are variable in the entire electromagnetic wavebands. 
The variability violence can be expressed by the variability pa- 
rameter. In the optical bands, the variability violence can be re- 
ported by using the variation parameters, such as variability pa- 
rameter C introduced by Romero et al. (1999). In radio bands, 
the variability violence is discussed using the variability index 
(VI), the normalized variability amplitude(A^VA), and the root 
mean square dispersion(/?MSD). We described these radio vari- 
ation parameters below. 



3.1. Variability index(VI) 

The variability index that measures the peak-to-trough variations 
in our flux density measurements can be calculated as introduced 
by Aller et al. (1992, 2003); Ciaramella et al. (2004): 



VI = 



(S max ~ C S max ) _ (S min + & S„„) 



(S, 



in in 



(ii) 



where S max and 5 mi „ are the peak and the lowest flux densities, 
and cr s and <x s are the associated measurement errors of the 

J max "Jrnin 

fluxes. 

3.2. Normalized variability amplitude (NVA) 

The normalized variability amplitude (NVA) was calculated in 
the following way. For each band, the mean (X) and standard 
deviation <x tot of the flux points and the mean error level (Ten- 
were determined (Edelson et al., 1996). Since the NVA is free of 
the instrumental effect, it is calculated as 



NVA = K» f™ . 
V (X) 2 



(12) 



3.3. Root mean square dispersion (RMSD) 

When a source has been observed at several epochs, whether the 
variability is a real one not can be determined by comparing the 
distribution of flux at the different epochs with a model in which 
the flux of the source is assumed to be non-variable (Edelson et 
al., 1992). If Si represents the measured fluxes, then the mean 
flux {S ) and the root mean square dispersion as a fraction of the 
mean are given by following equations, respectively, 



(S) 



1 " 
N 4-f 

1=1 



x 1 = 



i y ( Si-(S) 2 



(13) 
(14) 
(15) 



where cr, is the uncertainty in the individual measurement, and 
X 1 > 1 indicates that the assumption of non-variable flux is ques- 
tionable (Kembhavi & Narlika, 1999). 



4. Results 

Periodicity results and the variability parameters of radio galax- 
ies are reported in Table 1, in which Col. 1 represents the name 



of the source, Col. 2 Freq, the frequency in units of GHz, Col. 3 
6 N , root mean square deviation, 6 2 N is the total variance of data, 
Col. 4 A, the amplitude, Col. 5 the FAP of the determined pe- 
riod. Col. 6 Tms, the determined period in units of years. The 
superscript "F" means it is not a physically meaningful period ( 
FAP > 0.5 or Tms > ObT), and the superscript "P" means it is 
a possible time scale (FAP < 0.5 and f ObT < Tms < ObT). 
Column. 7 ObT indicates the time coverage of the light curve 
in units of years, Col. 8 the data points (N), Col. 9 VI, Col. 10 
NVA, Col. 11 RMSD, and Col. 12 the source identification (B 
for BL Lacertae, Q for flat spectrum radio quasar-FSRQ and G 
for galaxy). 

For the whole and the subclass samples, the corresponding 
averaged values for the variability parameters are presented in 
Table 2. The results based on the mutual correlation between 
different variability parameters are reported in the Table 3 and 
plotted in Fig. 3. 

The relationship between the variability parameters and 
brightness of the sources were determined by using the aver- 
aged 8 GHz flux density. The results are listed in Table 4 and the 
corresponding results are shown in the Fig. 4. 



4.1. Periodicity in the radio light curves: Individual source 

The long-term variability period analysis was done at other 
wavebands for some sources in the literature. Here we compare 
the radio results with published optical and other EM band re- 
sults. 



4.1 .1 . PKS 021 9+428 (3C 66A) 

In optical bands, a 65-day period was reported by Lainela et al. 
(1999). Long-term variability periods of 2.5 years (Belokon & 
Babadzhanyants, 2003) and 4.25+0.28 years (Fan et al., 2002a) 
were reported. In the present paper, no possible period can be 
found in the period analysis of the radio light curves. 



4.1.2. AO 0235+164 

A possible periodicity of ~ 5.7 years was reported in the radio 
light curve by Roy et al. (2000) and Raiteri et al. (2001). Our 
result shows that there is a period of 5.7 + 0.3 years in 8GHz with 
FAP = 0.452 and 5.8 + 0.3 years in 14.5GHz with FAP = 0.436, 
which are quite consistent with the earlier result. 



4.1.3. S5 0716+714 

A periodicity of 5.5-6 years was found in the radio emission by 
Raiteri et al. (2003). Our result shows periods of 5.7 + 0.5 years 
in 4.8GHz with FAP = 0.200 and 5.4 + 0.3 years in 14.5GHz 
with FAP = 0.117, which are consistent with the earlier result. 



4.1.4. PKS 0735+178 

We report periods of 4.89 and 14.2 years in the optical band (Fan 
et al. 1997). The period of 4.89 years was also found by Webb 
et al.(1988). For the radio data, a period of 13.5 ± 0.9 years in 
14.5GHz with FAP = 0.003 and possible periods of 12.9 + 0.9 
years in 4.8GHz with FAP = 0.002 and 15.0+1.2 years in 8GHz 
with FAP = 0.011 were found, which are quite consistent with 
the 14.2-year optical period. 



Table 1. -Continued 
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Designation 


Freq 


6 N 


A 


Fap 


Tms 


ObT 


N 


VI 


NVA 


RMSD 


ID 


2352+495 


048 


0.094 


0.057 


1.000 


0.4 ± 0.0' 


14.5 


57 










2352+495 


080 


0.140 


0.101 


1.000 


62.3 ± 208.8 f 


13.7 


58 


0.85 


0.11 


0.19 


Q 


2352+495 


145 


0.095 


0.077 


0.996 


714.7 + 22042.4 77 


14.3 


61 










2356+196 


048 


0.135 


0.156 


0.900 


0.7 ± 1.0" 


0.7 


3 










2356+196 


080 


0.102 


0.100 


0.900 


0.2 ± 0.0 F 


16.9 


26 


0.86 


0.13 


0.27 


Q 


2356+196 


145 


0.045 


0.039 


1.000 


0.1 ±0.0 F 


2.0 


22 











4.1.5. PKS 0754+100 



Table 2. Averaged variability parameters 



The periods of 3.0 + 0.35 and 17.85 years were found in our 
earlier paper (Fan et al., 2002a). In the present paper, periods of 
6.6 + 0.7 years in 4.8GHz with FAP = 0.222 and 6.8 + 0.6 years 
in 14.5GHz with FAP = 0.278, 1 1.8 ±2.3 years in 4.8 GHz with 
FAP = 0.182, 10.4 + 0.8 years in 8GHz with FAP = 0.014, 
11.3 ± 1.0 years in 14.5GHz with FAP = 0.015, and a possible 
period of 15.0 ± 3.6 years in 4.8GHz with FAP = 0.167 were 
also found. The 1 5 .0 + 3 .6 year possible period is consistent with 
the optical result, 17.85 years. 

4.1.6. PKS 0851+202 (OJ 287) 

Sillanpaa et al. (1988) reported a 1 1.65-year period in the opti- 
cal light curve. Periods of 5.53 ± 0.15 and 1 1.75+0.5 years were 
reported in our earlier paper (Fan et al., 2002a). But the radio 
light curve shows periods of 8.8 ± 1.0 years in 4.8GHz with 
FAP = 0.445 and 9.4 + 0.6 years in 8GHz with FAP = 0.266, 
which is very different from the previously reported optical pe- 
riods. 

4.1.7. PKS 1219+285 

A 14.85+1.55 year period was found in the optical band (Fan et 
al., 2002a). The present result shows a period of 10.4+1 .4 years 
in 8GHz with FAP = 0.293 and 10.0 ± 1.4 years in 14.5GHz 
with FAP = 0.306. 



4.1.8. PKS 1226+023 (3C 273) 

Periods of 2.0 years and 13.65+0.2 years were reported in the 
optical band. A possible period of 13.5 years was reported in 
the X-ray band by Manchanda (2002). The present work gives 
periods of 8.8+0.3 years in 4.8GHz with FAP = 0.001, 8.3+0.2 
years in 8GHz with FAP = 0.006, and 8.2+0.2 years in 14.5GHz 
with FAP = 0.001. 



4.1.9. PKS 1253-055 (3C 279) 

The infrared light curve shows a period of 7.1+0.44 years (Fan, 
1999). The present work shows periods of 5.1 + 0.2 years with 
FAP = 0.357, 7.4+0.3 years with FAP = 0.307, 10.1 +0.7 years 
with FAP = 0.426, and 15.1 + 1.5 years with FAP = 0.352 in 
8.0GHz. The 7.4+0.3 year period is quite consistent with what 
is found in the infrared band. 



4.1.10. PKS 2155-304 

Based on the optical light curves, periodicity of 4.6 and 7.0 years 
was reported (Fan & Lin, 2000). In the present paper, no possible 
period was found by power spectral analysis. 



Param. 
(1) 


14.5GHz 

(2) 


8GHz 

(3) 


4.8GHz 
(4) 


VI 


0.92 


+ 


0.08 


0.90 


+ 


0.09 


0.90 


+ 


0.10 


VI-BL 


0.90 


+ 


0.10 


0.88 


+ 


0.12 


0.84 


+ 


0.14 


VI-FSRQ 


0.94 


+ 


0.05 


0.92 


+ 


0.07 


0.93 


+ 


0.06 


VI-G 


0.89 


+ 


0.09 


0.90 


+ 


0.06 


0.93 


+ 


0.05 


NVA 


0.23 


+ 


0.13 


0.22 


+ 


0.12 


0.16 


+ 


0.12 


NVA-BL 


0.30 


± 


0.12 


0.28 


+ 


0.11 


0.24 


+ 


0.11 


NVA-FSRQ 


0.22 


+ 


0.11 


0.21 


+ 


0.11 


0.15 


+ 


0.11 


NVA-G 


0.10 


+ 


0.04 


0.11 


+ 


0.05 


0.04 


+ 


0.03 


RMSD 


0.27 


+ 


0.12 


0.27 


+ 


0.11 


0.23 


+ 


0.12 


RMSD-BL 


0.33 


+ 


0.11 


0.32 


+ 


0.11 


0.29 


+ 


0.11 


RMSD-FSRQ 


0.25 


+ 


0.10 


0.24 


+ 


0.10 


0.20 


+ 


0.10 


RMSD-G 


0.17 


+ 


0.03 


0.20 


+ 


0.05 


0.15 


+ 


0.03 



Table 3. Correlation between variability parameters, Y = aX + b 



X-Y 


a ± Aa 


b±Ab 


r 


(1) 


(2) 


(3) 


(4) 


V.I.-NVA 


0.04 ± 0.06 


0.89+ 0.02 


0.05 


RMSD-NVA 


0.84 ± 0.03 


1.08+0.01 


0.893 




0.4 
RMSD 



Fig. 3. Correlation between variability parameters. Left panel is for 
NVA and V.I., while the right panel is for NVA and RMSD. 



4.1 .1 1 . PKS 2200+420 (BL Lacertae) 

The optical periodicity was analyzed and found to be 14.0 years 
(Fan et al., 1998). The present work reports periods of 3.9 + 0.2 
years in 4.8GHz with FAP = 0.471, 3. 8 ±0.1 years in 8GHz with 
FAP = 0.189, 3.9 ± 0.1 years in 14.5GHz with FAP = 0.350, 
7.8 ± 0.4 years in 4.8GHz with FAP = 0.021, 6.8 ± 0.3 years in 
8GHz with FAP = 0.332, and 7.8 ± 0.4 years in 14.5GHz with 
FAP = 0.118. 
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Table 4. Correlation between variability parameter and flux density, 
Vari = a log F 8G h z + b 



Param. 




a + Aa 


b± Ab 


r 


(1) 




(2) 


(3) 


(4) 


log FgQHz 


- RMSD 


-0.04 ± 0.02 


2.27+ 0.01 


-0.17 


log F 8GHz 


-NVA 


0.01 ± 0.02 


1.41+0.01 


0.05 


log F 8G Hz 


- VI 


0.132 + 0.01 


0.88+5.7 x 10~ 3 


0.65 




-0.75 -0.5 -0.25 



0.25 0.5 0.75 
Log 8GHz 



Fig. 4. Correlation between the variability parameter and radio bright- 
ness (averaged flux density). The upper panel indicates the relation be- 
tween RMSD and the 8GHz flux density, the middle panel indicates the 
relation between NVA and the 8GHz flux density, and the lower panel 
indicates the relation between V.I. and the 8GHz flux density. The lines 
show the best fitting results mentioned in the text. 



5. Discussions and conclusions 

Blazars are variable over all electromagnetic wavelengths. 
Optical photometry is available for some blazars for about a cen- 
tury (Fan, 2005a). The radio monitoring program started much 
too late, only about 40 years ago. But the radio monitoring cov- 
erage is also long enough for the periodicity analysis and the 
variability property investigations. 

There are 168 radio sources in the UMRAO data base, 
and the observation time coverage of the radio light curves is 
from 0.1 year for 1217+023 to 33.8 years for 1226+023 (3C 
273). When the power spectral periodicity analysis method was 
adopted to the 4.8GHz, 8.0GHZ, and 14.5GHz light curves 
for the 168 sources, 203 astrophysically meaningful periods ( 
FAP < 0.50 and Tms < f ObT) were obtained for 66 sources 
(see Table 1). The periods are different from one source to an- 
other, which is from 2.2 years for 0454-234 at 4.8 GHz to 
20.8+1.2 years for 1641+399 at 8.0 GHz. There is no clear 
possible period sign found for the other 102 sources for which 
either the FAP is greater than 0.5 for the period or the pe- 
riod is 2/3 times longer than the observation time coverage (see 
Table 1, the superscript "F" means the period is not a physi- 
cally meaningful one (FAP > 0.5 or Tms > ObT), and the 
superscript "P" means it is a possible time scale (FAP < 0.5 
and 2/30bT < Tms < ObT)). Here, we take the periods with 
FAP > 0.5 to have no physical meaning. In addition, if the de- 
termined period is 2/3 times longer than the observation time 




P(yr) 

Fig. 5. Histogram of the periodicity, P (in units of years) at 8GHz for 
BL Lacertae objects and FSRQs. The dotted line stands for BLs and the 
filled line for FSRQs. 



coverage, we did not take it as a physically meaningful period 
either. It can be mentioned that from data that is pure noise, any 
method of period estimation will yield some false probabilities 
in the period range that is roughly equal to the length of the data 
samples, or somewhat smaller. 

If we consider galaxie, FSRQs and BLs separately, we find 
that the physically significant periodicity at 8GHz are in the 
range of 2.2 to 20.8 years for FSRQs (55 physically meaningful 
periods for 34 objects) and from 2.5 to 18.0 years for BLs (27 
physically meaningful periods for 17 objects). However, there is 
no physically significant periodicity found for galaxies. The av- 
erage value of the periodicity is 8.9 + 4.0 years for FSRQs and 
8.1 ± 3.4 years for BLs. In Table 2 and Fig 4, we can see that 
RMSD and NVA for galaxies are lower than those for FSRQs 
and BLs. It is interesting that the sources with physically mean- 
ingful periods have higher RMSD and NVA. 

Our results are also consistent with the results obtained by 
Ciaramella et al. (2004), who have analyzed the periodicity from 
the high-frequency radio data. The physically meaningful period 
histogram at 8GHz for the subclass samples of BLs and FSRQs 
are shown in Fig. 5. There is no clear difference in the pos- 
sible periodicity distribution as shown in Fig. 6, in which the 
Kolmogorov-Smirnov (K-S) test indicates that the probability 
for the possible periodicity distributions of BL Lac objects and 
FSRQs coming from the same parent distribution is greater than 
68.2%. If the possible periodicity is associated with the central 
structure, namely associated with the central black-hole mass, 
then the similar possible periodicity distribution for FSRQs and 
BLs should suggest that their central black-hole masses show a 
similar distribution. In fact, no clear difference was found in the 
central black-hole masses of BLs and FSRQs (Fan, 2005b). 

From the sources listed in Sect. 4.1, we can see that the pe- 
riods found in the optical bands were not always consistent with 
those found in the radio bands. Some sources show similar ra- 
dio and optical variability periods: 0735+178 show a significant 
radio period of 13.5 + 0.9 years and two possible radio periods 
of 12.9+0.9 and 15.0+1.2, and an optical period of 14.2 years, 
0754+100 shows a possible radio period of 15.0 + 3.6 years and 
an optical period of 17.85 years, 1253-055 shows radio periods 
of 7.1 to 7.4 years and an infrared period of 7.1 + 0.44 years 
for instance. Meanwhile some others show different possible pe- 
riods(OJ 287, 1226+023(3C 273), 2200+420 for instance. This 
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P(yr) 

Fig. 6. Accumulative results for the periodicity (in units of years) at 
8GHz for BL Lacertae objects and FSRQs. The dotted line stands for 
BLs and filled line for FSRQs. The Kolmogorov-Smirnov test indicates 
that the probability for the possible periodicity distributions of BL Lac 
objects and FSRQs coming from the same parent distribution is 68.2%. 



difference is perhaps from the fact that the light curves used for 
the possible periodicity analysis were not long enough in some 
sources, or the variation in the radio bands and optical bands 
were caused by different mechanisms as noticed in the case of 
OJ 287, and the observed optical outbursts were not correlated 
with those observed in the radio band (Takalo, 1998). For some 
cases, it is possible that the lack of agreement between optical 
and radio possible periods is due to the fact that one or the other 
is spurious, just due to noise. 

For AGNs, the variability mechanism is not yet well under- 
stood. Some models have been proposed to explain the opti- 
cal long-term possible periodic variations: the binary black-hole 
model, the thermal instability model, and the perturbation model 
(Fan, 2005a). The promising models are the binary black-hole 
model and the perturbation model. The helical jet related with 
the binary black holes have been used to explain the optical vari- 
ability behavior for the objects (3C 345, OJ 287, BL Lacertae, 
and PKS 0735 + 178). It has been claimed that the possible peri- 
odicity in the historical light curves also show helical trajecto- 
ries in their VLBI radio components (Villata & Raiteri, 1999). 
In this sense, one would expect similar possible periodicity be- 
havior in optical and radio bands, which has been confirmed for 
many sources in our analysis. In the radio bands, the variability is 
explained by various mechanisms (Ciaramella et al., 2004) such 
as shocks in jets, changes in the direction of forward beaming, 
and precession in a binary black-hole system (Marscher & Gear, 
1985; Aller et al., 1985; Camenzind & Krockenberger, 1992; 
Begelman et al., 1980; Rieger & Mannheim, 2000, 2003). 

The variability parameters viz. variability index VI, normal- 
ized variability amplitude NVA, and RMSD are listed in the 
Table 2, in which W stands for the whole sample. These param- 
eters show that the sources are variable, and NVA and RMSD 
are correlated. On the other hand, no correlation was found in 
the VI parameter with NVA or RMSD (see Table 3, Fig. 3). This 
suggests that NVA and RMSD are more reliable for the variabil- 
ity indication than the VI. Therefore, we suggest using NVA and 
RMSD for indicating variability violence, if possible. It is also 
easily found that the variability parameter at higher frequency is 
greater than those in the lower frequency. 



However, for the correlation between the variability param- 
eter and the flux density, we found that the relationship between 
the source brightness and NVA and/or RMSD is not as close as 
the one between the source flux density and VI (see Fig. 4 and 
Table 4). We think that the correlation between the source bright- 
ness and VI is an apparent result, since the VI and the brightness 
(namely the averaged flux density) are more associated with the 
maximum flux density when the difference between the maxi- 
mum and the minimum is big enough, which will result in an 
apparent correlation. Therefore, we do not think that there is a 
correlation between the brightness and the variability in the radio 
bands. 

When we considered BLs and FSRQs separately, we found 
that the NVA and RMSD of BLs are larger than those of FSRQs, 
and the NVA and RMSD of BLs and FSRQs are larger than 
those of galaxies. This finding suggests that BLs are more vari- 
able than FSRQs in the radio bands. In addition, there is a 
tendency for the variability parameter to increase with the fre- 
quency for the whole sample and the individual BLs and FSRQ 
sub-samples. This tendency is also found in the optical bands. 

In the present paper, the power spectral (Fourier) periodicity 
analysis method was adopted to a large sample of radio sources 
given in UMRAO. The results show that the possible periodicity 
is present in the range of 2.2 to 20.8 years for 66 radio sources. 
BLs are more variable than FSRQs and the variability parame- 
ters depend on the frequency. 
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